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Editorial 


Peripheral Vascular Resistance 


Francis J. Haddy, M.D., Ph.D., Chicago, Til. 


Few areas in medicine deserve more attention than does that of resistance 
to blood flow through peripheral vascular beds. The reasons for this are clear. 
Abnormal states resulting from altered resistance are frequent and often grave. 
A few examples are essential hypertension, endotoxin shock, ischemia of ar- 
teriosclerosis obliterans, and edema of thrombophlebitis. The nature and cause 
of some of the alterations in resistance continue to provoke controversy. The 
controversy results from a number of problems. The accurate measurement of 
pressure and flow is difficult; hence, resistance is calculated infrequently. Re- 
sistance has viscous and geometric components, and the latter may change 
actively (contraction or relaxation of smooth muscle) or passively (thrombosis, 
distention, compression, etc.); hence, a change in calculated resistance can be 
misinterpreted. The state of contraction of smooth muscle is influenced by many 
direct and indirect factors; some of the factors are poorly understood. Vascular 
smooth muscle is distributed throughout the length of the arterial and venous 
systems; methods for the separate study of these two systems are inadequate. 

In 1951, hoping to gain new information relative ‘to the formation of edema, 
we initiated a study of the pressures in small and large veins and arteries of the 
dog limb.! The findings were sufficiently interesting to stimulate a number of 
extensions of the study. The extensions include most of the above problems, 
and it now appears that some of the methods and findings may be applicable to 
vascular disease in the human subject. These are summarized in this communica- 
tion. 


From the Medical Service, Veterans Administration Research Hospital, and the Departments of 
Medicine and Physiology, Northwestern University Medical School, Chicago, Il. 
Received for publication Sept. 25, 1959. 
Pressures are measured at four sites along the length of a vascular bed.?* 
Frequently, the rate of blood flow through the bed is also measured. The sites 
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of measurement of pressure include a large artery, small artery (0.5 mm. diam- 
eter), small vein (0.5 mm. diameter), and large vein. Pressures in the small 
vessels are measured through 0.5 mm. O.D. tubes manipulated into a wedge 
position by catheterization in a peripheral direction. In contrast to the pul- 
monary circulation, peripheral arteries anastomose with one another at multiple 
sites before breaking up into capillaries. Similar anastomoses are present be- 
tween veins. Hence, the pressures measured are those in distal collaterals which 
range from 0.1 to 0.5 mm. in diameter. In the case of the vein, the ability to 
perfuse freely through the tube assures the absence of occlusive distal valves. 

This method for measuring pressures in small vessels provides several 
advantages over the micropuncture technique. The method is simpler than a 
micropuncture; pressures can be recorded for hours because the tube cannot be 
displaced; the method is easily adapted to the human subject by passing the 
tube through 21 gauge needles.*“ 

These measurements provide means to study several important aspects of 
the peripheral circulation. They permit study of total bed resistance to flow 
as well as resistance to flow through large arteries (5.0 to 0.5 mm.), small vessels 
(less than 0.5 mm.), and large veins (5.0 to 0.5 mm.), because they provide the 
rate of blood flow and the pressure gradients from large artery to large vein, 
large artery to small artery, small artery to small vein, and small vein to large 
vein. They permit inferences regarding filtration pressures because small venous 
pressures represent minimal values for venous capillary pressures. They permit 
inferences regarding the pooling of blood because a change in resistance usually 
means a change in caliber and, hence, volume. 

The pressures in the brachial artery, small artery, small vein, and cephalic 
vein of the anesthetized dog average 116, 97, 9, and 3 mm. Hg, respectively. 
The pressures are not greatly different in the upper extremities of wakened dogs 
and human beings. Hence, under usual conditions, small vessels provide about 
79 per cent of the total bed resistance to blood flow, whereas large arteries and 
veins provide only 17 and 5 per cent, respectively. However, the resistance to 
flow through each type of vessel is highly variable. Small vessel resistance may 
fall to 30 per cent (effects of denervation,®* adrenergic blockade,* acetylcholine,’ 
histamine,® sodium,’ potassium,* magnesium’) or rise to 300 per cent (effects of 
epinephrine,® norepinephrine,’ angiotensin, Pitressin, calcium,’ faradic stimula- 
tion of sympathetic nerves,!°-” and cold") of the usual level. The resistance to 
flow through large arteries may also increase several fold (serotonin,®:* potassium,® 
faradic stimulation of sympathetic nerves"). The most variable resistance, in 
terms of per cent of control, is in the veins. The resistance to flow through these 
vessels may rise to 700 per cent of the normal value (effects of histamine,® sero- 
norepinephrine faradic stimulation of sympathetic 
cold"). 

The three types of vessels may mene independently. This is best illus- 
trated by histamine, serotonin, potassium,| norepinephrine, cold, and faradic 
nerve stimulation. The first three may cause fesistance in the three types of vessels 
to change in opposite directions, and the latter three may induce a dispropor- 
tionate rise in resistance in arteries and veins. In high concentrations, histamine® 
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may decrease the resistance in small vessels while increasing venous resistance. 
The former change results from arteriolar dilatation due to a direct action of 
histamine, whereas the latter change results from venous constriction due, in 
part, to an adrenal discharge. Elevated serum levels of potassium® lower resist- 
ance in small vessels through a direct action, and increase arterial resistance 
through an indirect action via the adrenal. The changes may be so marked as 
to shift most of total bed resistance into large arteries and raise total bed resist- 
ance despite the fall in the resistance of small vessels. Serotonin® lowers the 
resistance in small vessels while raising resistances in large arteries and veins. 
Total resistance may rise or fall, depending upon the initial level of resistance 
in small vessels.6 Faradic nerve stimulation,'® lowered environmental tempera- 
ture,!’ or norepinephrine’ may increase resistance proportionately more in 
postcapillary than in precapillary vessels, or vice versa. 

These responses can cause important changes in arterial pressure, regional 
flow, cardiac output, and storage of water. A generalized change in peripheral 
vascular resistance will change arterial pressure without altering regional flow, 
whereas a change in resistance in a single bed will change flow in the bed without 
altering arterial pressure. Hence, intravenous injection of a vasodilator may 
lower arterial pressure without affecting leg flow, whereas injection into the 
femoral artery might increase leg flow without affecting arterial pressure. A 
generalized rise in resistance might raise blood pressure without changing flow. 
Most types of arterial hypertension result from this abnormality. In these dis- 
eases, resistance probably rises because of arteriolar constriction. The cause of 
the constriction is not definitely known. However, indirect evidence suggests 
that abnormal concentrations of cations within and without the smooth muscle 
cell may be the immediate cause of the constriction in most instances.7:*!6!7 
These abnormalities in concentration may result from a variety of renal, adrenal, 
hypophyseal, and parathyroid diseases. 

Changes in caliber, especially in veins, affect cardiac output by varying the 
amount of pooled blood. This provides a variable venous return and, hence, 
cardiac output. Cther things being equal, the change in output will have an 
appropriate effect upon blood pressure. Vasodilators increase pooling. A case in 
point is acetylcholine. This agent dilates arteries, small vessels, and veins.* 
Hence, part of the drop in blood pressure results from a decrease in cardiac out- 
put. Vasoconstrictors, such as the catecholamines,’ decrease peripheral pooling 
by constricting arteries, small vessels, and veins. The resulting increase in venous 
return contributes to the rise in cardiac output and blood pressure. 

Blood may be maximally pooled by agents which cause changes of opposite 
sign in arteries and veins. Histamine can dilate arterioles while constricting cer- 
tain large veins.® The latter action traps blood in peripheral venules and capil- 
laries (as with a tourniquet). Hence, both the arteriolar dilatation and central 
venous constriction increase pooling, resulting in a large fall in cardiac output. 
This, combined with a decrease in peripheral resistance, probably accounts for 
the striking hypotension which follows intravenous administration of large 
amounts of histamine. 
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Changes in resistance alter the storage of water by varying filtration pres- 
sure. A rise in effective filtration pressure will increase the storage of water in 
the tissues, whereas a fall in pressure will decrease such storage. The most variable 
component of effective filtration pressure is capillary hydrostatic pressure. The 
five possible direct determinants of capillary hydrostatic pressure are level of 
bed in relation to the heart, aortic pressure, right atrial pressure, arterial caliber, 
and venous caliber. Considering in each case a change in only one variable at a 
time, capillary pressure will rise if the bed is lowered, aortic pressure is raised, 
or right atrial pressure is increased. With bed level, aortic pressure, and right 
atrial pressure constant, a sustained change in capillary pressure can occur only 
through a change in arterial or venous calibers. Hence, arterial constriction 
lowers capillary pressure, whereas arterial dilatation raises capillary pressure. 
Venous constriction increases capillary pressure, whereas venous dilatation 
decreases capillary pressure. The highest predicted capillary pressures and, 
hence, filtration rates result from simultaneous local arterial dilatation and 
venous constriction. Capillary pressure may change even if arteries and veins 
simultaneously constrict or dilate. Thus, capillary pressure will rise if venous 
constriction is proportionately greater than arterial constriction. 

Some examples may be cited. Limbs become edematous in the dependent 
position, following application of a venous tourniquet, or following a rise in 
right atrial pressure. Low local concentrations of histamine!’ or acetylcholine'® 
probably produce edema by raising flow rate and, hence, capillary pressure 
through arteriolar dilatation. High local concentrations of histamine®:'!* produce 
edema more rapidly through the additional mechanism of venous constriction. 
Serotonin has an unpredictable effect upon flow rate, but constricts veins.*’ 
Thus, its edemogenic action is probably related to venous constriction.'* Con- 
strictor agents also produce edema. Prolonged intravenous administration of 
norepinephrine may result in reduced blood volume, increased hematocrit, low- 
ered arterial pressure, and edema. Similar changes follow exposure to cold. 
These edemas probably result from a rise in venous resistance out of proportion 
to the rise in arterial resistance.*:’-*-18-2° The elevated venous resistance may 
become especially effective upon capillary pressure as the administration of 
norepinephrine or the exposure to cold is terminated, because arterial resistance 
appears to decrease more rapidly than does venous resistance. The resulting rise 
in inflow with restricted outflow raises capillary pressure to extremely high levels. 
That the storage of water may also be influenced through neurogenic mechanisms 
is suggested by the observation of disproportionate increase in venous and ar- 
terial resistances during faradic stimulation of sympathetic nerves.!° 

These studies show, among other things, that the resistance to blood flow 
through large arteries, small vessels, and large veins is highly variable, and that 
these types of vessels may function as independent resistances. These findings 
better our understanding of the regulation of arterial pressure, regional blood 
flow, cardiac output, and storage of water in tissues. Since the manifestations 
of peripheral vascular disease result from organic or functional alteration in the 


we 


Voli 
Nu 


une 60 
ber 1 


PERIPHERAL VASCULAR RESISTANCE 5 


resistance to blood flow through arteries, small vessels, and veins, a physiologic 
approach to the study of these diseases is highly desirable. The techniques and 
approach described herein may be useful in such a study. 
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Clinical Communications 


Recurrent Myocardial Infarction After Cessation of Anticoagulant Therapy 
Louis R. Dinon, M.D.,* and Joseph B. Vander Veer, M.D.,** Philadelphia, Pa. 


Since the cooperative study on anticoagulants sponsored by the American 
Heart Association,’ in which the Pennsylvania Hospital was privileged to 
participate in 1946-1948, we have continued to administer anticoagulants nearly 
routinely in the treatment of acute myocardial infarction. We have extended 
their use in selected cases beyond the acute stage and maintained long-range 
anticoagulant therapy in a group of outpatients from 1 to 11 years. More recently, 
we have been employing these drugs, especially heparin, increasingly in earlier 
stages of coronary heart disease, in so-called “impending infarction,” or the 
“preinfarction anginal syndrome.’’* In addition, we are presently investigating 
a trial of daily, self-administered, parenteral heparin therapy in a small group 
of patients considered “high risk’’ coronary candidates. 

One of our concerns in the welfare of patients requiring anticoagulants 
has not been in the institution or maintenance of therapy, but rather in the with- 
drawal and discontinuation of this treatment. It has been our impression for some 
years that reactivation of the original pathologic process and various thrombo- 
embolic complications may follow the abrupt cessation of anticoagulation. These 
occurrences have often been dramatic and even catastrophic. Because of a possible 
causal relationship, and with the hope of obviating such complications, we began 
in 1951 to “‘taper off’’ the use of anticoagulants in the patients who were directly 
under our care. At first the dosage was reduced progressively over a period of 
1 week to 10 days, but subsequently this was extended to 2 or 3 weeks and recently 
to 3 or 4 weeks. This withdrawal of the anticoagulant (commonly Dicumarol) 
was usually carried out at home according to a schedule of decreasing dosage. 

Several physicians using anticoagulants in their hospitalized patients did 
not withdraw treatment slowly, but stopped it abruptly at the time of discharge 
or reduced the maintenance dosage rapidly during the last few days of hospital 


From the Cardiovascular Department, Division of Medicine, Pennsylvania Hospital, Philadelphia, 
Pa. 

Received for publication Dec. 23, 1959. 
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care. It was our impression that thrombotic recurrences were more frequent in 
these patients than in those in whom the therapy was reduced more gradually. 
[t must be stated, however, that occasional recurrences of myocardial infarction 
were also noted to occur after cessation of anticoagulant therapy that had been 
(briefly) “tapered off.’’ Whether or not these contingencies were actually re- 
lated to the mode of withdrawal or to the cessation of continued anticoagulant 
therapy was difficult if not impossible to conclude, since we had not observed 
significant control groups. Recently, the recurrence of acute myocardial in- 
farction within a few days to 2 weeks in three patients in whom anticoagulant 
therapy had been stopped abruptly when they left the hospital brought this 
question again forcibly to our attention. A review of this problem in the light of 
our experience seemed worth while even though comparable control cases were 
lacking and the data not satisfactory for statistical study. 


MATERIAL AND METHODS 


The patients here reported were seen on the private services of the authors and on the medical 
wards of the Pennsylvania Hospital. The electrocardiograms were taken by the Heart Station of 
the hospital and personally reviewed. The anticoagulant therapy of each patient was supervised 
and controlled by the anticoagulant team of the Cardiovascular Department. Every patient was 
seen by one or both of the authors. These patients, therefore, represent a highly selected, indi- 
vidually known, and personally followed-up group. 

The determination of the activity of the plasma “prothrombinic complex,” hereinafter termed 
the “prothrombin time,’’ was performed by a trained laboratory technician according to the 
Link-Shapiro (using undiluted whole plasma) modification*® of the Quick one-stage method,® 
except that a commercial, dessicated (reconstituted by adding distilled water) thromboplastin- 
calcium product (Simplastin) was used. The result was expressed in seconds and compared to 
that obtained with this method using the same batch of Simplastin and a commercial, dried, 
stable, normal plasma standard as a control. In addition, the result was converted to a percentage 
concentration by interpolating on a curve constructed from the prothrombin times of serial, 
0.85 per cent saline (more recently, barium-sulfate treated plasma) dilutions of the respective 
normal plasma standard. However, to avoid misunderstanding, the result in seconds was pre- 
ferentially reported to be used in controlling the administration of the coumarin and indandione 
drugs. The coagulation time of whole blood was determined by the Lee-White method,’ performed 
at the patient's bedside, employing a specially designed, portable water bath with electrical 
plug-in and thermostatic control. Aware of the inadequacies of the clotting time in glass, we have 
continued to employ this method satisfactorily as a guide in the clinical management of patients 
receiving heparin therapy. 

The mode of administration and dosage of the anticoagulant agents, the degree of anti- 
coagulant effect as reflected by the laboratory tests, the duration and cessation of therapy, etc., 
will be described in detail in the case presentations which follow. 


CASE REPORTS 


CasE 1.—M. P., a 67-year-old tailor with angina of effort, was referred to the Pennsylvania 
Hospital on April 2, 1951, because of persistent pain in the anterior chest and left elbow, short- 
ness of breath, weakness, and vomiting. The electrocardiogram was diagnostic of a recent pos- 
terior myocardial infarction. The administration of Tromexan was instituted on the day of ad- 
mission and continued for 31 days in daily dosage of 300 to 450 mg. The daily prothrombin time 
(control 15 sec.) was generally between 36 and 53 sec. (20 and 10 per cent). He was out of bed by 
the fourth week. The anticoagulant was abruptly discontinued 10 days before he was discharged. 

Six days later he was readmitted because of sudden acute pulmonary edema. Serial electro- 
cardiograms showed the changes of recent anterior myocardial infarction. He was treated with 
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morphine, oxygen, rotating tourniquets, and aminophylline. Dicumarol was started the following 
morning and continued for 2% weeks in daily dosage of 50 to 100 mg. The anticoagulant was 
then abruptly stopped. He felt well and was out of bed. 

Two weeks later while still in the hospital he complained of feeling ‘‘choked up” and noted 
slight pain in the left elbow. Five days later he was seized with substernal oppression, vomited 
and became anxious, cold, and sweaty, with blood pressure 80/50 mm. Hg. The electrocardiogram 
showed an intraventricular conduction defect of the left bundle branch type and RS-T segment 
changes. Supportive measure and bed rest were again instituted. Dicumarol was restarted and 
continued for 3 weeks. Thereafter, he was ambulated progressively and anticoagulant therapy 
was withdrawn gradually over the subsequent 10 days without further difficulty. 


Fig. 1.—Case 2. B.C., a 78- year-old man with hypertension and angina of effort. The electrocardio- 
gram of October 14 demonstrates an acute posterior infarct pattern on the third hospital day. The 
tracing of October 31 shows progressive changes in keeping with healing of the infarct. 


Case 2.—B. C., a 78-year-old retired businessman with known hypertension and angina of 
effort, was sent to the hospital on Oct. 11, 1952, because of severe, substernal oppression which 
lasted 4 hours. The electrocardiogram showed the changes of a recent posterior myocardial in- 
farction (Fig. 1). He was confined to bed, and Dicumarol therapy was continued for 4 weeks in 
daily dosages of 50 to 100 mg. The daily prothrombin time was maintained at 21% to 3 times the 
control of 12 sec. He was out of bed and in a chair by the fifth week, and the anticoagulant therapy 
was terminated, with the daily prothrombin times and Dicumarol dosages as follows: 30 sec. 
(50 mg.), 27 sec. (0), 28 sec. (0), 27 sec. (0), 14 sec. (50 mg.). 

Eight days later he was suddenly awakened at 2:00 a.m. with continuous aching in the an- 
terior chest. He was nauseated, sweating, and restless. The electrocardiogram showed new changes 
of recent anterior myocardial infarction (Fig. 2). He was treated with bed rest, oxygen, and 
Demerol. His attending physician declined to use anticoagulants again. Four weeks later he de- 
veloped right-sided pleuritic pain, fever, tachycardia, and nonproductive cough for about a week 
and was treated with antibiotics (pulmonary infarction ?). He gradually improved and after 4 
weeks was ambulatory. He was discharged on Jan. 10, 1953, after 3 months of hospitalization. 
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CasE 3.—C. K., a 72-year-old white man with hypertensive, arteriosclerotic heart disease 
and anginal syndrome, experienced while at rest a gripping, tight feeling in the anterior chest 
which radiated into the left shoulder and arm. He was hospitalized that day (March 6, 1953). 
The electrocardiogram showed changes of acute posterior myocardial infarction (Fig. 3). He was 
put on complete bed rest, and Dicumarol was given for a total of 33 days. The daily prothrombin 
time with a control of 12 sec. was maintained between 31 and 49 sec. (20 and 10 per cent). He 
was out of bed progressively by the end of the fourth week, and the anticoagulant therapy was 
“tapered,’”’ with prothrombin times as follows: 34 sec. (100 mg.), 36 sec. (50 mg.), 35 sec. (0), 
29 sec. (50 mg.), 27 sec. (50 mg.), 24 sec. (50 mg.), no test (50 mg.), 20 sec. (50 mg.). 

Ten days after completion of withdrawal of the anticoagulant he was awakened from sleep 
at 2:00 a.m. (April 23, 1953) with a “tight pressure’’ in the mid-anterior chest and a ‘“‘numbness’’ 
along the inner aspect of the left arm. Serial electrocardiograms showed additional changes of 
anterior myocardial infarction (Fig. 4). Dicumarol therapy was reinstituted and maintained for 
6 weeks. Except for recurrent anginal pain and hypotension initially, the remainder of the hospital 


course was not remarkable. He was discharged on June 5, 1953, after 3 months of hospitalization, 
and continued anticoagulant therapy on a long-term basis. 

Case 4.—A. C., a 64-year-old engineer, was hospitalized on Oct. 30, 1950, with a 3-day history 
of recurrent, substernal ‘‘pressure.”” On the day prior to admission it was more severe and was 
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Fig. 2.—Case 2. The electrocardiogram of November 20, taken the day after recurrence of severe 
substernal pain, reveals a recent anterior infarct. The records of December 3 and January 2 show varia- 
tion in the T waves, with residual changes of the posterior lesion predominant. 
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associated with profuse diaphoresis and prostration. An abnormal electrocardiogram showed 
further T-wave changes, and a strict coronary regimen was enforced. Dicumarol was started the 
following morning and continued throughout 29 days of uneventful hospitalization. The pro- 
thrombin time was maintained at about 20 per cent of normal. The anticoagulant was abruptly 
discontinued, and he was discharged. 

He continued bed rest at home uneventfully for 5 days, and then suddenly experienced sub- 
sternal pain with radiation into both arms, nausea, and weakness. He was readmitted with cya- 
nosis and rales at both lung bases. A diagnosis of recurrent infarction was made, and he was treated 
with bed rest, morphine, and oxygen as well as Dicumarol. He improved and, on his insistence, 
was returned home to continue treatment under the care of his physician. 
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Fig. 3.—Case 3. C.K., a 72-year-old white man with hypertensive and arteriosclerotic heart disease. 
The electrocardiogram of March 9, taken 3 days after acute distress in the anterior chest and left arm, 
shows T-wave changes consistent with a recent posterior infarct. The record of April 6 presents less 
prominent T-wave changes in the limb leads and a normal precordial pattern. 


Case 5.—M. P., a 77-year-old white woman with hypertensive cardiovascular disease, was 
referred to the hospital on Oct. 12, 1952, with substernal, “‘squeezing’’ pain radiating into both 
arms. The electrocardiogram was diagnostic of acute posterior myocardial infarction. She was 
confined to bed, with bedside commode privileges, and Dicumarol therapy was continued for 
4 weeks in a daily dosage of 50 to 100 mg. The daily prothrombin time with a controi of 12 sec. 
was maintained between 26 and 37 sec. (25 to 15 per cent). She was increasingly out of bed from 
the fourth week on, and the anticoagulant therapy was tapered off over the period of 9 days prior 
to discharge. 

Two and one-half weeks later at home she experienced severe pain deep in the mid-sternum 
and in both shoulders and arms. When she was readmitted, the electrocardiogram showed addi- 
tional changes of acute anterior myocardial infarction. Bed rest and Dicumarol were reinstituted 
and maintained uneventfully for 4 weeks. Withdrawal of anticoagulant therapy was carried out 
over the next 2 weeks without incident, and the patient was discharged to her family physician. 

Case 6.—J. G., a 61-year-old Italian stonecutter, with typical angina of effort, was hospitalized 
on Feb. 9, 1953. Three days before he had experienced a more severe, “‘pressing’’ pain across the 
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chest which lasted for 34% hours. Serial electrocardiograms showed changes in keeping with a 
recent myocardial infarction. He was put to bed, with commode privileges, and Dicumarol therapy 
continued for 37 days. The daily prothrombin time with a control of 12 sec. was generally main- 
tained above 30 sec. During the sixth week he was out of bed and the anticoagulant was withdrawn 
over a period of 6 days. 

Eight days later at midnight, while still in the hospital, he suddenly complained of feeling 
“bad all over.”’ His face was ashen and covered with cold sweat; his blood pressure was 80/? 
mim. Hg, and the pulse was rapid and weak. Despite supportive attempts, his condition further 
deteriorated over the next 2 hours. His chest filled with edematous fluid and he expired. 

CasE 7.—J. T., a 40-year-old hypertensive Negro, was admitted to the hospital on Feb. 11, 
1953, with pain in the chest and electrocardiographic changes diagnostic of acute, anterior myo- 
cardial infarction. He was put on complete bed rest and given Dicumarol for 36 days in main- 
tenance dosage of 50 to 100 mg. The daily prothrombin time with a control of 12 sec. was between 
26 and 43 sec. (25 and 11 per cent). After 6 weeks he was out of bed and the anticoagulant therapy 
was tapered off over a 10-day period. 

Ten days later he was rushed to the hospital and was dead on arrival. Autopsy showed severe 
coronary atherosclerosis, with partially recanalized occlusion of the anterior descending branch 
and old infarction of the anterior wall of the left ventricle, anterior septum, and adjacent right 
ventricle. 
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Fig. 4.—Case 3. The electrocardiogram of April 23 was taken after the recurrence of distress in the 
mid-anterior chest and reveals T-wave abnormalities in Leads I, V4, and Vg». The tracings of May 13 
and May 23 demonstrate progressive changes indicative of a recent anterior infarct. 
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Case 8.—J. M., a 59-year-old physician with mild arterial hypertension and _ increasing 
angina of effort, including attacks at rest, was hospitalized on April 25, 1953. Repeated electro- 
cardiograms showed an increase in the T-wave abnormalities, and the erythrocyte sedimentation 
rate was elevated. Dicumarol therapy (initially also Tromexan) was maintained throughout the 
33 days of uneventful hospital stay. The daily prothrombin time averaged 50 to 20 per cent of 
normal. He was discharged to his home for further rest, and the Dicumarol therapy was tapered 
off over a period of 8 days. 

Ten days later the patient experienced pain in the chest which radiated into the left arm; 
this was followed by a drop in blood pressure and mild pulmonary edema. When he was rehos- 
pitalized, the electrocardiogram showed changes typical of acute anterior myocardial infarction. 
Tromexan and Dicumarol were reinstituted. Over the following 4 days he developed more rAles, 
a gallop rhythm, Cheyne-Stokes respirations, and died. 

Case 9.—W. S., a 46-year-old executive with a past history of myocardial infarctions in 1948 
and 1952, was hospitalized on May 8, 1953, complaining of pain in the anterior chest with radia- 
tion down both arms of some 12 hours’ duration. Serial electrocardiograms showed changes con- 
sistent with recent myocardial infarction. Phenindione therapy was continued for 82 days in an 
average daily dosage of 75 to 150 mg. The prothrombin time with a control of 12 sec. was generally 
maintained between 31 and 48 sec. (20 and 10 per cent). The anticoagulant was tapered off in 
the hospital over a period of 8 days prior to discharge. 

Two days after the anticoagulant was discontinued the patient was brought to the hospital 
and was dead on arrival. At autopsy, a recent thrombus less than 24 hours old was found in the 
right coronary artery. There was also an old, recanalized thrombus more distally in this artery, 
and an old atherosclerotic occlusion of the left coronary artery. A considerable portion of the left 
ventricle (posterior wall and septum and anteroseptum) revealed healed infarction. 

Case 10.—M. S., a 37-year-old white man with diabetes mellitus, was awakened at 1:00 
A.M. on Sept. 9, 1953, with substernal ‘‘indigestion’’ which radiated to the left shoulder. He was 
rushed to the hospital; there the blood pressure was found to be 60/40 mm. Hg, and the electro- 
cardiogram was diagnostic of acute, posterior myocardial infarction. A strict coronary regimen 
was enforced and phenindione therapy was maintained for 31 days in a daily dosage of 175 to 
250 mg. The daily prothrombin time with a control of 12 sec. was generally between 31 and 37 
sec. (20 and 15 per cent). Progressive ambulation was carried out during the last 2 weeks prior 
to discharge, and the anticoagulant was stopped gradually over the following week. 

He was readmitted 2 weeks latter with a “‘squeezing”’ pain beneath the sternum which lasted 
about 1 hour. Serial electrocardiograms showed the changes of recent lateral infarction, and 
Dicumarol therapy was instituted. The drug was maintained for 1 month and then gradually 
tapered off over 10 days. Recovery from this attack was uneventful. 

Case 11.—M. D., a 73-year-old Italian woman with diabetes mellitus, angina pectoris, and 
two previous myocardial infarctions, was admitted to the hospital on Dec. 15, 1953, witha ‘‘squeez- 
ing’’ pain in the anterior chest radiating into the neck. She was confined to bed, with bedside com- 
mode privileges. Serial electrocardiograms showed RS-T segment and T-wave changes, and the 
erythrocyte sedimentation rate was increased to 52 mm. per hour. Phenindione therapy was con- 
tinued for 24 days in daily dosage of 75 to 250 mg., and the daily prothrombin time was generally 
maintained in the thirties (sec.) (below 20 per cent). She was out of bed by the fourth week and 
the anticoagulant was abruptly discontinued on discharge. 

Eight days later she was readmitted with a history that 4 days before she had begun exper- 
iencing more persistent pain in the anterior chest and left arm, which was unrelieved by nitro- 
glycerin. The electrocardiogram showed changes consistent with recent (anteroseptal) myocardial 
infarction. Anticoagulant therapy was not reinstituted and she was permitted to sit in a bedside 
chair. Her course in the hospital was essentially uneventful and she was discharged on Feb. 9, 
1954, to continue care at home. 

Case 12.—J. H., a 62-year-old attorney with known angina pectoris, was admitted on Jan. 
27, 1954, as a transfer from another hospital, where he had been confined for 1 month following 
a prolonged attack of substernal pain and had been given Dicumarol therapy. He was put to bed, 
with bedside commode privileges, and the Dicumarol was continued in a daily dosage of 50 to 
150 mg. The daily prothrombin time with a control of 12 sec. was maintained between 23 and 
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38 sec. (33 and 13 per cent). His hospital stay was uneventful and he was discharged on Feb. 
20, 1954, to his referring physician to taper off the anticoagulant therapy at home over the next 
10 days. 

During the second week at home he began to note a recurrent “heaviness” in his chest, and 
2!5 weeks after cessation of the Dicumarol therapy, he suddenly experienced substernal pain 
and “‘tightness’’ in the neck and left shoulder. Serial electrocardiograms when he was readmitted 
showed changes in keeping with a recent myocardial infarction. The Dicumarol (initially also 
Tromexan) was reinstituted and maintained uneventfully. He was discharged on April 16, 1954, 
to continue anticoagulant therapy on a long-term basis; this he has done without further coronary 
difficulties for the past 5% years to the present time. 

Case 13.—L. S., a 56-year-old minister with classic angina of effort following a myocardial 
infarction 3 years before, was admitted to the hospital on March 20, 1954, with “indigestion’’ 
which had progressed into his chest as a severe ‘‘crushing’’ pain. The electrocardiograms showed 
definite changes consistent with recent myocardial infarction. Dicumarol was given throughout 
the 34 days of uneventful hospitalization. The prothrombin time with a control of 12 sec. was 
maintained between 30 and 51 sec. (21 and 9 per cent). He was out of bed during the last week 
and then was discharged home, where the Dicumarol therapy was tapered off during the next 10 
days. 

He was readmitted 214 weeks later complaining of ‘indigestion’ in the anterior chest and 
aching in the arms. The electrocardiograms showed additional changes of (another) recent myo- 
cardial infarction. Dicumarol (initially also Tromexan) was reinstituted and maintained during 
the following 10 weeks in the hospital. It was then continued on an outpatient basis over a period 
of 514 years up to the present time without further difficulty. 

Case 14.—M. F., a 61-year-old white woman with known gall-bladder disease, was admitted 
to the hospital on Aug. 2, 1954, complaining of substernal pain with radiation into both arms, 
nausea, and vomiting. The electrocardiograms showed changes diagnostic of acute posterior 
myocardial infarction. Dicumarol therapy was continued for 37 days in a daily maintenance dos- 
age of 50 to 100 mg. The daily prothrombin time was generally between 2 and 3 times the control 
of 12 sec. The anticoagulant was abruptly discontinued on the day of discharge. 

Three weeks later while asymptomatically convalescent at home, she was awakened at 5:00 
A.M. from a sound sleep with substernal pain radiating into both shoulders. At the time of her 
readmission the electrocardiogram showed additional changes of acute posterolateral myocardial 
infarction. After 1 week in the hospital, she was discharged to her home to continue bed rest under 
the care of her attending physician. 

Case 15.—B. B., a 66-year-old white woman in previous good health, was admitted to the 
hospital on Feb. 24, 1958, with “squeezing”’ pain in the anterior chest radiating into the left 
shoulder and down the left arm. Serial electrocardiograms showed changes diagnostic of recent 
anteroseptal myocardial infarction, and a strict coronary regimen was enforced. Heparin therapy 
was continued for 10 days in dosages of 80 to 100 mg. subcutaneously every 12 hours, and the 
Lee-White clotting time (taken before the morning dose) was maintained at about twice normal. 
The following week, Dicumarol was added and the heparin therapy was tapered off after the pro- 
thrombin time came into therapeutic range. The Dicumarol was then continued alone for 1 month 
in average daily dosage of 100 to 150 mg. The daily prothrombin time ranged from 25 to 41 sec. 
(control: 12 sec.). The Dicumarol was tapered off over the 4 days prior to discharge. 

Seven days later while convalescent and asymptomatic at home, she was suddenly awakened 
from sleep with pain across the anterior chest into the left arm. The electrocardiogram at the 
time of her readmission showed the pattern of anterior myocardial infarction. Bed rest and sub- 
cutaneous heparin therapy were reinstituted. The latter was maintained uneventfully for 2% 
weeks and then gradually tapered off. She was discharged without further incident to her home 
under the care of her physician. 

CasE 16.—R. B., a 49-year-old manufacturer, was hospitalized on Aug. 11, 1958, with sub- 
sternal pain radiating down both arms to the elbows. The electrocardiogram showed the changes 
of recent anterior myocardial infarction. Heparin was given subcutaneously in the dosage of 140 
mg. every 12 hours. One week later, Dicumarol was added and the dosage of heparin was gradually 
reduced over another week after the prothrombin times had reached therapeutic levels. Dicumarol 
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was subsequently maintained alone for 35 days in daily dosages of 50 to 75 mg., with the pro- 
thrombin time 10 to 20 per cent of normal. He was discharged home, and the Dicumarol therapy 
was stopped gradually over the following week. 

The day after the anticoagulant was discontinued, he experienced persistent and severe upper 
anterior chest ‘‘pressure’’ which radiated into the left arm and was associated with profound per- 
spiration. He was rehospitalized, and the electrocardiogram showed giant T-wave inversions in 
the mid-precordial leads (recent anteroseptal infarction). Bed rest and anticoagulant therapy 
with heparin and, subsequently, Dicumarol were reinstituted without further incident. Recovery 
from this attack was uneventful. 

Case 17.—B. W., a 58-year-old man with diabetes mellitus, hypertension, and anginal syn- 
drome, was hospitalized on Sept. 4, 1958, with oppressive aching across the upper chest. Serial 
electrocardiograms showed the development of posterolateral myocardial infarction. Concentrated 
aqueous heparin was administered subcutaneously every 12 hours. The daily dosage averaged 165 
mg. every 12 hours. After 10 days, Dicumarol was started, and the dosage of heparin was reduced 
gradually over the following week as the prothrombin time approached therapeutic levels. The 
Dicumarol wes continued alone for the remainder of the 40 days of hospitalization. By the fourth 
week he was out of bed and in a chair, and then was ambulated slowly. The dosage of Dicumarol 
was reduced gradually at home over 3 weeks. 

One week after the cessation of anticoagulant therapy, on Nov. 10, 1958, he was readmitted 
to the hospital with “crushing”’ pain in the anterior chest, weakness, and a blood pressure of 90/? 
mm. Hg. The electrocardiogram showed an intraventricular conduction defect and marked RS-T 
changes in keeping with a recent myocardial infarction. Despite supportive measures, including 
oxygen, Demerol, and intravenous infusions of pressor drugs, the patient’s condition deteriorated 
further and he died the evening of admission. 

Case 18.—H.M., a 52-year-old photographer with angina of effort, was hospitalized on Sept. 
26, 1958, with a history of more frequently recurring chest pain of a more protracted nature. The 
electrocardiogram showed changes diagnostic of acute posterior myocardial infarction. Bed rest, 
with bedside commode privileges, and anticoagulant therapy were instituted immediately; during 
the first 2 days, heparin was used in addition to Dicumarol. The latter drug was subsequently 
continued alone in average daily dosage of 100 to 150 mg., with the daily prothrombin time main- 
tained between 25 and 40 sec. (control: 12 to 15 sec.). His hospital course was uneventful. He was 
out of bed and in a chair by the twentieth day, and thereafter was progressively ambulated. On 
the thirty-fourth day, anticoagulant therapy was abruptly discontinued and the patient was 
discharged. Three weeks later, while asymptomatically convalescent at home, he suddenly col- 
lapsed and was pronounced dead when a physician arrived. 

Case 19.—A.D., a 63-year-old tobacco dealer with angina pectoris of effort, was hospitalized 
on March 2, 1959, with severe pain in the anterior chest which lasted about 2 hours. The electro- 
cardiograms showed the changes of recent anterior myocardial infarction. A strict coronary regimen 
was enforced, and heparin was administered subcutaneously in dosages of 80 to 120 mg. every 
12 hours, with the daily Lee-White clotting time (taken before the morning dose) ranging between 
11% to 2 times normal control. After 1 week, Dicumarol was added and over the next week the 
dosage of heparin was reduced gradually after the prothrombin time approached therapeutic 
levels. The Dicumarol was continued alone for the remainder of 1 month, in average daily dosage 
of 50 to 75 mg., with the daily prothrombin time usually in the thirties (sec.) (control: 12 tol5 
sec.). He was discharged with a normal electrocardiogram, and the Dicumarol therapy was re- 
duced gradually at home without difficulty over the following week. 

Three days after cessation of the anticoagulant he experienced a substernal pain similar to 
that of the initial hospitalization. At the time of his readmission the electrocardiogram showed 
“coved” T-wave inversions in the medial precordial leads. Bed rest, with commode privileges, 
and Dicumarol therapy were reinstituted. His 6 weeks of hospitalization were uneventful, and he 
was discharged home to continue long-term anticoagulant therapy. 

Case 20.—W.E., a 48-year-old cab driver, was hospitalized on Aug. 26, 1959, with severe 
substernal pain which radiated to both arms. The electrocardiogram shewed a posterior infarct 
pattern in the current of injury stage. Concentrated aqueous heparin (200 mg. per c.c.) was ad- 
ministered subcutaneously in dosage of 100 to 120 mg. every 12 hours, and control was by the 
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L.ce-White clotting time taken before the morning dose. Dicumarol was started after 1 week, and 
the dosage of heparin was gradually reduced over the following 4 days. The average dose of Dicu- 
marol was 75 mg. per day, and the daily prothrombin time was maintained at about 20 to 25 per 
cent of normal. His 34 days of hospital stay were uneventful. The dosage of anticoagulant was 
reduced over 9 days. 

Two days after the last dose of the drug, he was seized with severe substernal pain which 
radiated to both arms and was similar to his original attack, His physician gave him an injection 
of morphine and his pain was relieved. About 1 hour later he had a convulsion and died immed- 
ia tely. 


RESULTS 


Twenty patients with a recurrence of acute myocardial infarction within 
4 weeks after the discontinuation of anticoagulant therapy were gathered from 
our personal experience. The data on them are summarized in Table I. This 
selected group included 16 men and 4 women between the ages of 37 and 78 years. 
Eleven of the 20 patients were more than 60 years of age. Nineteen were white 
and 1 was a Negro male. Only 2 patients were known to have had myocardial 
infarcts prior to the presenting one. Anticoagulant therapy was started in all 
patients soon after their admission to the hospital and was maintained for a 
minimum of 24 days and a maximum of 82 days. Therapy was abruptly discon- 
tinued in 5 patients, whereas among the other 15, withdrawal was accomplished 
within 3 to 4 days in 2 patients, within 5 to 10 days in 12 patients, and within 
21 days in 1 patient. The interval from the last dose of the drug to the recurrence 
of infarction ranged from 1 day to 24 days and averaged 11 days. The site of the 
recurrent infarct as determined by the electrocardiogram was approximately 
the same in 4, different in 5, indeterminate in 8, and not evaluated in 3 patients 
because of sudden death. There was a total of 7 fatalities with the recurrent 
attack. 


DISCUSSION 


These case reports illustrating the recurrence of myocardial infarction 
following the recent cessation of anticoagulant therapy suggest the possibility 
of a causal relationship. Perhaps there is an associated ‘‘rebound”’ or hyper- 
coagulable state of the blood incident to the release of anticoagulation in patients 
whose clotting has been significantly depressed by drugs. This concept is not a 
new idea. The phenomenon of “rebound”’ is recognized in general medical thera- 
peusis (e.g., that of gastric acidity and alkali treatment). Indeed, since 1951, 
it has been our practice when terminating anticoagulant therapy, even of a 
few weeks’ duration, to recommend the gradual withdrawal or ‘‘tapering off’’ 
of these agents. Similar suggestions have been made by others.*-¥ 

In a detailed review, Crane“ noted the recrudescence or new occurrence of 
deep venous thrombosis and the complication of pulmonary embolism shortly 
after the reduction or discontinuation of heparin. Clinical studies®:'® have also 
reported instances in which pulmonary embolism occurred after the abrupt 
withdrawal of heparin therapy. Cosgriff'’ observed that in patients with rheu- 
matic heart disease and embolization a high incidence of recurrent embolism 
occurred within a short period after stopping long-term Dicumarol therapy. 
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In some patients with cerebrovascular insufficiency syndromes, withdrawal of 
anticoagulant therapy was followed within a few days by a recurrence of symp- 
toms and even frank cerebral thrombosis with infarction; and certain patients 
with vertebral-basilar thrombosis sustained additional thrombosis and died after 
discontinuing the use of Dicumarol.'® 

It has been considered by various clinicians and investigators that in some 
patients a “‘rebound”’ phenomenon may occur after the withdrawal of anticoagu- 
lant therapy. Experiments'® in which the heparin-sensitized clotting time of 
DeTakats*’ were employed demonstrated (in the dog) a period of hypercoagulability 
following abrupt termination of heparinization. However, attempts by Cosgriff!” 
to measure by laboratory tests (one-stage prothrombin time, two-stage pro- 
thrombin assay, factor-V assay, and venous clotting time) a hypercoagulable 
tendency in patients removed from prolonged Dicumarol therapy were not suc- 
cessful; but, as pointed out, the alterations in the mechanism of coagulation might 
be inappreciable by the available methods. In addition, intravascular thrombosis 
obviously is not identical to the clotting of blood in vitro. Because of our limited 
knowledge regarding the mechanism of thrombus formation in man, the effect 
of anticoagulants (especially in coronary atherosclerosis) must at present be 
evaluated by extended clinical experience. 

Keyes and associates,”! in a study of long-term anticoagulant therapy after 
myocardial infarction, noted that 14 (50 per cent) of 28 patients who stopped 
using anticoagulants sustained another infarct (6 were fatal) within a period of 
3 days to 22 months. Nichol and co-workers,” in their pooled investigation of 
long-term anticoagulant therapy in patients with coronary atherosclerosis, 
reported that of the 319 patients discontinuing this therapy, 20 died because of 
a “heart attack’”’ within less than 1 month after giving up the regimen, and 70 
died within 4 years (the majority within the first year) 

Rebound hypercoagulability of the blood need not necessarily be invoked 
as the only explanatory hypothesis. Perhaps the difficulty is more fundamental 
in patients with ischemic heart disease and exists in the local derangements of 
coronary blood flow being held in relative balance by the anticoagulation. Animal 
experiments, including studies performed on the empty beating heart, have given 
evidence that heparin and Dicumarol increase the coronary flow volume.” 
It has also been demonstrated experimentally** that anticoagulants promote 
better collateral circulation and may thereby maintain an adequate supply to a 
compromised area. Anticoagulants may lessen the tendency to formation of 
intravascular thrombus by impairing the clotting of blood or at least may hold 
in check further propagation of an already formed thrombus. There is experi- 
mental evidence to show that the formation of mural thrombi and extension of 
coronary thrombosis in dogs may be prevented by anticoagulants.” One could 
thus speculate that removal of anticoagulation might so upset the balance in 
these patients with disordered coronary flow as to allow the background disease 
factors to predominate and thereby lead to a recurrence of symptoms. In the 
treatment of impending myocardial infarction with anticoagulants, Nichol and 
co-authors”* reported that of 30 patients who abandoned the anticlotting drugs 
before 60 days, 17 (56.6 per cent) had an acute coronary attack within the next 
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00 days, and 12 of these died in the following 2 months; whereas only 21 (6.6 
per cent) of the 318 treated patients developed frank myocardial infarction, and 
5 of these died within 1 month, there being no other fatalities during the 60 days 
of anticoagulant therapy and observation. 

To insure continued ‘‘balance”’ of these factors, one might propose main- 
tenance of anticoagulant therapy on a long-term basis in all patients with an 
acute myocardial infarction or with active coronary disease. Increasing evidence 
from long-term studies!:!?.*!.22.27.28 of patients with coronary atherosclerosis 
supports the prolonged administration of anticoagulants; the results indicate 
a striking reduction in mortality, thromboembolic complications, and recurrent 
myocardial infarctions. In any event, on the basis of this hypothesis, anticoagulant 
therapy would be maintained long enough to tide the individual over the critical 
period of clinically “‘active’’ coronary disease, in an attempt by this means to 
keep primary disease factors in check and to enhance various secondary aids. 
Perhaps some of the patients of our report should have been maintained on 
therapy for a longer period of time; the cessation of therapy ‘‘prematurely” may 
have resulted in factors leading to the recurrence of infarction. 

Even with the acceptance of this latter concept, it must not be assumed 
that continued anticoagulant therapy during this period would provide absolute 
protection. Coronary thrombosis is not the sole cause of myocardial infarction 
or sudden death in ischemic heart disease. Thrombosis combined with coronary 
sclerosis and atherosclerotic occlusion alone are also important mechanisms. 
Here, the atheromatous progression may be so advanced locally as to overcome 
any protective benefit of anticoagulants. Fatal cases of cardiac infarction not 
infrequently fail to show a recent coronary artery thrombus.** Intimal capillary 
hemorrhage in an atheromatous vessel may result in an intramural hematoma 
sufficient to occlude completely the already narrowed arterial lumen, even with- 
out the occurrence of thrombosis.*® There have been fatalities in which myo- 
cardial infarction was demonstrated at autopsy and no occlusion in the coronary 
arteries was found,*! and cases of typical coronary ‘“‘occlusion”’ clinically in which 
no definite infarction and no fresh thrombotic occlusion were demonstrated at 
postmortem dissection.*® An unstable electrical condition of the heart independent 
of death of muscle or infarction has been proposed as another of the sequelae 
of faulty (uneven) distribution of coronary flow. According to this view, the 
resultant ‘‘oxygen-differential’’ between certain areas of cardiac muscle leads 
to a difference in voltage or electrical instability which results in myocardial 
irritability and death, usually from ventricular fibrillation. 

Despite the probable significance of these other mechanisms, intravascular 
clotting and the complications of thromboembolism remain important facets 
of the problem of coronary heart disease. An increased coagulability of the blood 
has been demonstrated between a group of patients with ischemic heart disease 
and healthy controls.** Another study has set forth evidence that hypercoagula- 
tion was present immediately following myocardial infarction.** Blood drawn 
following the oral ingestion of various dietary fats has been found to clot more 
rapidly in vitro than blood drawn similarly during a control period when the 
fat was not administered.**.*7 In-vivo changes in the coagulation system*® (per- 
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vented by adequate Dicumarol therapy) and inhibition of in-vitro fibrinolysis*® 
have also been demonstrated following the consumption of a fatty meal. Exer- 
cise, often restricted in the convalescent coronary patient, has been observed to 
be a potent activator of fibrinolysis,‘° reversing to some extent this inhibitory 
effect of fat. Alterations in the activity of the coagulation mechanism during 
alimentary lipemia may play a part in the pathogenesis of intravascular throm- 
bosis and atherosclerosis.** 

It has been suggested*! that the formation of thrombus may be a causative 
factor in the origin of the atheromatous lesion (as well as a complication of it), 
with the mural thrombus becoming organized into the arterial wall and going on 
to the formation of a lesion indistinguishable histologically from the usual 
atheromata. Therefore, therapy which decreases the coagulability of the blood 
may not only prevent the recurrence of thrombotic episodes, but may also 
interrupt the underlying atherosclerotic process. In addition, it is possible that 
prolonged anticoagulation may allow for dissolution of a clot or enhance re- 
canalization,”** so that the progression of the thrombus is further arrested and 
the tendency to, recurrence or extension is thereby less likely when the antico- 
agulant is withdrawn. 


SUMMARY AND COMMENT 


The case reports of 20 patients with recurrence of acute myocardial infarc- 
tion following the abrupt or relatively rapid withdrawal of oral anticoagulant 
therapy are presented. All of these recurrences were seen within 4 weeks after 
the last dose of the drug. Other episodes of this type (not included in this report) 
have also been encountered beyond the period of 1 month after cessation of such 
therapy. 

A review of our experience in the treatment of acute myocardial infarction 
with anticoagulants suggests to us that the relatively frequent recurrence of this 
condition following abrupt cessation of therapy is more than a fortuity. The 
withdrawal of anticoagulants seemed to be followed by such an event less often 
when the drug was gradually reduced over a period of some weeks. Further clinical 
studies of a controlled, statistical type are needed to confirm this association. 

If a causal relationship exists between the rapid withdrawal of anticoagu- 
lants and the recurrence of acute myocardial infarction, the exact mechanism 
responsible has not been established. The concept of ‘“‘rebound’’ hypercoagu- 
lability of the blood and the possible effects of anticoagulants (and their dis- 
continuation) on a disordered coronary blood flow are discussed. 

Consideration should be given to more prolonged anticoagulant therapy 
after clinical recovery from a first attack of acute myocardial infarction. We 
suggest that such therapy be maintained in the average patient for at least 6 
to 8 weeks after ambulation. Further treatment will depend upon clinical ob- 
servation of the individual during this period of increasing physical activity. 
Angina pectoris, heart failure, or other conditions may indicate in some patients 
the advisability of long-term anticoagulant therapy. However, in favorable 
cases, treatment may be discontinued after this time. On termination of therapy, 
the dosage of anticoagulant should be reduced very gradually, preferably over 
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a period of at least 4 weeks. This tapering off should be guided by weekly pro- 
thrombin times because of the variability of response to the withdrawal of anti- 
coagulant therapy. 
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An Evaluation of the Ratio of P-Wave Duration to P-R Segment 


in the Diagnosis of Atrial Enlargement 


Melvin Kahn, M.D., James Scheuer, M.D., Fred Wachtel, M.D.., 
Arthur Grishman, M.D., and Ephraim Donoso, M.D. 
New York, N. Y. 


INTRODUCTION 


Many cases of atrial enlargement cannot be diagnosed by use of the estab- 
lished electrocardiographic criteria which are based on P-wave duration, voltage, 
configuration, and axis.!? In 1958, Macruz, Perloff and Case* demonstrated the 
value of the ratio of the P-wave duration to the P-R segment (index of Macruz, 
P/P-R segment ratio) for the differential diagnosis of atrial enlargement. This 


ratio takes into account not only the duration of atrial depolarization but also 
the transit time of the wave front from the sinoatrial node to the atrioventricular 
node. 

Normal depolarization of the atria begins at the sinoatrial node and spreads 
as a wave front through the right atrial muscle. With a total period of atrial 
depolarization of 0.10 second, the wave front arrives at the atrial septum about 
0.03 second after its onset and initiates left atrial depolarization. In temporal 
sequence it next arrives at the atrioventricular node, located in the wall of the 
right atrium near the orifice of the coronary sinus. About 0.075 second after its 
onset, right atrial depolarization is completed. During this time, left atrial 
depolarization has been continuing, and its completion is signified by the end of 
the P wave.‘ 

With enlargement of the right atrium, the duration of right atrial depolariza- 
tion and the transit time to the atrioventricular node are prolonged.*** Right 
atrial depolarization continues throughout most of the period of left atrial 
depolarization. In some instances the P wave may be prolonged because of either 
prolongation of right atrial depolarization beyond left atrial depolarization* 
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*This concept does not take into account the delay of the impulse in the atrioventricular node, 
but considers only the transit time from the sinoatrial node fo the atrioventricular node. The latter 
represents only a relatively short portion of the total P-R interval. Macruz’® notes that right atrial 
hypertension may sometimes prolong the P-R interval by a ‘‘selective effect on atrioventricular con- 
duction.”’ It is possible that other dynamic situations may exert a similar effect. 
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or increased transit time of the wave front through the right atrium, with late 
initiation of left atrial depolarization.’ Right atrial enlargement may be mani- 
fested electrocardiographically by a prolongation of the P-R interval and a P 
wave of normal or slightly increased duration.’ 

With enlargement of the left atrium, the conduction time through the right 
atrium is normal and, hence, the transit time to the atrioventricular node and 
the time of onset of left atrial activation are both normal, but the duration of 
left atrial depolarization is increased.** This may be manifested electrocardio- 
graphically by wide P waves and a normal P-R interval.?* 

With enlargement of both the right and left atria, the transit time through 
both atria and from the sinoatrial node to the atrioventricular node is prolonged. 
This may be manifested by an increase in duration of both the P wave and the 
P-R interval.’ 

Because of these alterations in conduction time, the P/P-R segment ratio 
will vary in atrial disease. On the basis of a study of normal and diseased subjects, 
Macruz’ formulated the following criteria for Lead II: (1) In normal subjects, 
the range of the P/P-R segment is 1.0 to 1.6. (2) In subjects with right atrial 
enlargement, the P/P-R segment is less than 1.0 or, if between 1.0 and 1.6, 
there is a prolonged P-R interval and P wave. The P wave, although prolonged, 
is not greater than 0.10 second in children or 0.12 second in adults. (3) In patients 
with left atrial enlargement, the P/P-R segment is greater than 1.6. (4) In pa- 
tients with enlargement of both atria, the P/P-R segment is between 1.0 and 
1.6, with a prolonged P-R interval and a P-wave duration of greater than 0.10 
second in children or greater than 0.12 second in adults. 

This concept appeared quite promising and was utilized by Martins de 
Oliveira and Zimmerman,® but further clinical evaluation is necessary.’ The 
purpose of this paper is to evaluate the index of Macruz in normal subjects and in 


patients with heart disease. 


RECORDING TECHNIQUES 


Twelve-lead electrocardiograms were recorded on a Technicon three-channel, direct-writing 
electrocardiograph at paper speeds of 25 or 50 mm. per second with a sensitivity of 10 or 15 mm. 
per millivolt. 

The duration of the P wave in Lead II was measured from the inner portion at its onset to 
the point at which its descending limb crossed the isoelectric line. The P-R interval in Lead II 
was measured from the inner portion of the P wave at its onset to the inner portion of the initial 
deflection of the QRS complex. The P-R segment was determined by subtracting the duration 
of the P wave from the P-R interval. 


SELECTION OF SUBJECTS 


A total of 311 subjects was studied. The number in each group is listed in Table I. All subjects 
had sinus rhythm with a rate which was within the range of normal for the age. None of the 
patients was receiving digitalis or quinidine. 

Normal Subjects —In the group of normal subjects, 35 adults and 9 children were studied. 
All had a complete history, physical examination, x-ray of the chest, vectorcardiogram, and 
electrocardiogram, without evidence of disease. 

Subjects With Congenital Heart Disease.—In this group there were 165 patients with congenital 
heart lesions which predisposed them to enlargement of one or both atria. Atrial enlargement 
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was confirmed in many but not all of these by fluoroscopy or angiocardiography, at surgery, or at 
postmortem examination. The specific anatomic diagnosis was confirmed by cardiac catheteriza- 
tion studies, operation, and/or postmortem examination. 

Subjects With Coronary Artery Disease.—Selected for study in this group were 25 patients with 
electrocardiographic evidence of a previous myocardial infarction. All electrocardiograms used for 
analysis were recorded at least 4 weeks after the acute episode. 

Subjects With Other Acquired Heart Disease—In this group, 77 patients were selected for 
study. Fifty-six of these patients had rheumatic heart disease with mitral stenosis, which was 
confirmed in 51 by operation and in the other 5 by postmortem examination. On the basis of 
direct visual examination, all had left atrial enlargement. Thirty-nine of the patients with mitral 
stenosis underwent right and/or left heart catheterization. For the purpose of attempting to 


TABLE I. INDEX OF MaAcruz (P-WAVE DuRATION/P-R SEGMENT) 


GROUP 


Normal adults 
Normal children 


2 (5%) | 38 (86%) | 4(9%) 


Total normal subjects 


Coronary artery disease 8(32%) | 9(36%) | 8(32%) 


Lesions Predisposing To Right Atrial Enlargement 


12 


2 
Pulmonic stenosis 18 7 ' 10 
Ostium secundum 21 4 16 
Ebstein’s anomaly 1 0 1 
Primary pulmonary hypertension 8 3 4 
Cor pulmonale 13 3 9 


Tetralogy of Fallot | 25 1 


52 (60%) | 


Total right atrial enlargement | 86 29 (34%) 


Lesions Predisposing To Left Atrial Enlargement 


| 
Patent ductus arteriosus 
Interventricular septal defect 
Coarctation of the aorta 
Congenital aortic stenosis 
Type-I mitral stenosis* : | 22 


Total left atrial enlargement | 12 (10%) | 53 (46%) | 50 (44%) 


Lesions Predisposing To Combined Atrial Enlargement 


Ostium primum 9 


Type-II mitral stenosis* 


Total combined atrial enlargement 


*See text for discussion and explanation. 


| INDEX 
CASES 
<3 1.0-1.6 >1.6 
9 1 8 0 
44 
1 
1 
1 
0 
1 
1 
5 (6%) 
| 
| 4 
8 17 
| 41. | 10(25%) | 12(29%) | 19 (46%) 
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separate left atrial enlargement from combined atrial enlargement, the patients were subdivided 
into two groups: Type-I and Type-II mitral stenosis. The Type-I group consisted of 27 patients 
without electrocardiographic evidence of right ventricular hypertrophy,’* and the Type-II 
group consisted of 24 patients with electrocardiographic evidence of right ventricular hypertrophy. 
The right atrium appeared enlarged fluoroscopically in some but not in all of the Type-II patients, 
The 5 subjects examined post mortem were all from the Type-II group, and these 5 had right 


atrial enlargement. 
There were 13 patients with cor pulmonale and 8 patients with primary pulmonary hyper- 
tension. All had electrocardiographic evidence of right ventricular hypertrophy. 


RESULTS 


The values for the P/P-R segment ratios in our series are listed in Table I, 
and the distribution is shown in Fig. 1. The electrocardiograms of all subjects 
with ratios of 1.0 to 1.6 were evaluated for prolongation of the P-R interval and 
P wave by the criteria of Ziegler® for children and by the criteria of the New York 
Heart Association!’ for adults. The results are tabulated in Table II. Column III 
of Table II lists those subjects with ratios of 1.0 to 1.6 who satisfy Macruz’s 
criteria for right atrial enlargement. Column IV of Table II lists those subjects 
who satisfy the criteria for combined atrial enlargement. 


DISCUSSION 

Normal Subjects.—All of the normal subjects studied by Macruz were adults 
and had indices between 1.0 and 1.6. The mean P/P-R segment ratio was calcu- 
lated from Ziegler’s data for children® and was found to be 1.2 from birth to 16 
years.’ Eighty-six per cent of our normal subjects had ratios from 1.0 to 1.6. 
Four adults had indices above, and one adult and one child had indices below, 
this range. 

Without magnification of the electrocardiogram, small errors in the measure- 
ment of the P-wave duration or P-R interval are common.':!! In some instances 
the initial or terminal portion of the P wave or the initial portion of the QRS 
complex in Lead II may be isoelectric. Slight errors in measurement or small 
isoelectric segments can significantly alter the P/P-R segment ratios. In the 
first section of Table III we have tabulated the measured P-wave duration, 
P-R interval, and P-R segment with the calculated P/P-R segment ratio for the 
normal subjects whose indices were abnormal. In the second section of Table III 
we have selectively altered the measured values by 0.01 second, well within the 
range of error, and recalculated the P/P-R segment ratios. It is apparent that 
errors inherent in the measurement with standard electrocardiographic techniques 
may significantly alter the index of Macruz. 

Lesions Predisposing to Right Atrial Enlargement.—The P/P-R segment 
ratio was less than 1.0 in 34 per cent of our patients, 53 per cent of Macruz’s,’ 
and 62 per cent of Martins de Oliveira’s® patients. The P/P-R segment ratio 
falsely indicated left atrial enlargement, that is, was greater than 1.6, in 6 per 
cent of our patients and in 10 per cent of Martins de Oliveira’s patients. 

Macruz formulated criteria for right atrial enlargement for patients with 
ratios between 1.0 and 1.6. In Column III of Table II, we have indicated the 
number of patients in each group whose electrocardiograms conformed to these 
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TABLE II. SuByects P/P-—R SEGMENT Ratios oF 1.0 TO 1.6 


NUMBER WITH PROLONGED P-R INTERVALS* 


TOTAL NUMBER | P-WAVE DURATION PROLONGED} 
GROUP OF SUBJECTS 
WITH NORMAL NORMAL 
RATIOS P-WAVE CHILDREN | CHILDREN 
DURATION <.1ll sec. | >.10SEc. 
ADULTS ADULTS 
<.13 sEcC. | >.12 SEc. 
COLUMN I COLUMN II COLUMN lIt | COLUMN Iv§ 
Normal adults 30 0 0 0 
Normal children 8 1 2 0 
Total normal subjects 38 1 2 (5%) 0 
Coronary artery disease 9 0 0 0 


Lesions Predisposing To Right Atrial Enlargement 


Tetralogy of Fallot 12 0 3 0 
Pulmonic stenosis 10 2 4 0 
Ostium secundum 16 1 7 0 
Ebstein’s anomaly 1 0 1 0 
Primary pulmonary hypertension 4 0 0 0 
Cor pulmonale ) 0 1 0 
Total right atrial enlargement 52 3 16 (31%) | 0 
Lesions Predisposing To Left Atrial Enlargement 
Patent ductus arteriosus 10 1 2 0 
Interventricular septal defect 17 3 9 0 
Coarctation of the aorta ) 0 | 3 0 
Congenital aortic stenosis 11 4 0 
Type-I mitral stenosis 6 1 0 0 
Total left atrial enlargement 53 7 18 (34%) 0 
Lesions Predisposing To Combined Atrial Enlargement 
Ostium primum 4 1 3 0 
Type-II mitral stenosis { 8 | 0 | O i 
Total combined atrial enlargement 12 1 3 (25%) | 1 


*The P-R interval was considered prolonged if greater than 0.20 second in adults’ or greater than 
the values noted by Ziegler in children.® 

+The P-wave duration was considered prolonged if greater than 0.10 second in adults!® or greater 
than the values noted by Ziegler in children.® 

tColumn III includes those subjects who satisfy Macruz’s criteria® for right atrial enlargement 
with a P/P-R segment ratio of 1.0 to 1.6. 

§Column IV includes those subjects who satisfy Macruz’s criteria’ for combined atrial enlargement 
with a P/P-R segment ratio of 1.0 to 1.6 

{See text for explanation and discussion. 
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criteria. There were 2 normal children and 25 to 34 per cent of the patients 
in cach of the three major categories, right, left, and combined atrial enlargement. 
Almost all of these were children in whom mean normal values were used as a 
basis for determining P-wave and P-R interval prolongation. Maximum normal 
values!” were used for this determination in adults. This may account for the 
greater number of children than adults who conformed to these criteria. The 
adults whose electrocardiograms conformed had lesions which predisposed to 
right, left, or combined atrial enlargement. Therefore, we believe that when the 
P/P-R segment ratio is 1.0 to 1.6, right atrial enlargement cannot be differentially 
diagnosed on the basis outlined by Macruz. 


TaBLe III. CHANGES IN THE P/P-R SEGMENT RATIO WITH ALTERATIONS OF 0.01 SEC. IN THE 
DURATION OF THE MEASURED P-WAVE AND/OR P-R INTERVAL. (THE MEASURED VALUES OF THE 
6 NORMAL SuBJEctTs WITH INDICES BELOW 1.0 OR ABOVE 1.6 ARE TABULATED) 


MEASURED VALUES ALTERED VALUEST 
CASE | | | 
P-R INTERVAL | P WAVE | P-R SEGMENT RATIO | P-R INTERVAL | P WAVE | P-R SEGMENT | RATIO 
| | | | 
1 0.15 | 0.07 0.08 | 0.09 0.15 | 0.08* | 0.07. | 1.1 
| Low | 0.15) | 0.06 | 0.09 | 0.7 
| | | 0.16* |0.07 | 0.09 | 0.8 
| 0.14* | 0.07 | 0.07 | 1.0 
| | 0.14* | 0.06* 0.08 | 0.8 
0.14* | 0.08* | 0.06 1.3 
0.16* | 0.08* 0.08 1.0 
0.16* | 0.06* 0.10 | 0.6 
2, 3, 4 0.16 0.10 | 006 | 0.16 0.07 | 1.3 
High 0.16 |0.11*| 0.05 | 2.2 
| | 0.17* |0.10 | 0.07. | 1.4 
| 0.15" | 0.10 | 0.05 | 2.0 
0.15* |0.09%*| 0.06 | 1.5 
| 0.15* | 0.11% | 0.04 | 2.8 
| 0.17* | 0.09* | 0.08 1.1 
| 0.17 |0.11*! 0.06 | 1.8 
St 0.15 | 010!) 0.05 | 2.0 0.15 | 0.09% | 0.06 1.5 
| | High 0.15 | 0.11*| 0.04 2.8 
| | | 0.16* 0.10 0.06 1.7 
| | | 0.14* | 0.10 0.04 35 
6t 0.19 | 0.09 | 0.10 | 0.9 0.19 | 0.08* 0.11 | 0.7 
| Low 0.19 0.10* | 0.09 } 1.1 
| | 0.18* | 0.09 0.09 | 1.0 
| | | 0.20* | 0.09 | O11 | 0.8 
| | | | 


+The measured value (s) which is altered by 0.01 second is indicated by an asterik (*). 
tFor these patients, only one value was altered. The other combinations can be readily calculated. 


Lesions Predisposing to Left Atrial Enlargement.—The P/P-R segment 
ratio was greater than 1.6 in 44 per cent of our patients with congenital and 
acquired lesions. Macruz® found a high ratio in 71 per cent of a similar series. 
In 10 per cent of our patients and in about 1 per cent of Macruz’s patients, the 
ratio was less than 1.0. The P/P-R segment ratio was more often high in patients 
with acquired heart disease than in those with congenital heart disease. Thus, 
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in 81 per cent of Macruz’s series of mixed acquired lesions and in 59 per cent of 
Martins de Oliveira’s® patients with mitral valve disease, the index indicated 
left atrial enlargement. As previously noted, we divided out patients with mitral 
valve disease into two types based on the absence (Type I) or presence (Type I) 
of right ventricular hypertrophy. Seventy-three per cent of Type-I patients 
and 65 per cent of Type-II patients had indices greater than 1.6. 

Different dynamic stresses are imposed by different congenital lesions, 
High P/P-R segment ratios occurred least commonly in patients with coarctation 
of the aorta and/or congenital aortic stenosis, lesions which only in their more 
advanced stages would be expected to cause atrial pathology. Patent ductus 
arteriosus and interventricular septal defects were more often associated with 
high ratios. This may be due to the fact that prolongation of the P wave is 
related to atrial dilatation rather than hypertrophy.*:*” In patients with 
congenital heart disease, atrial dilatation may more often be associated with 
lesions causing high flow, and atrial hypertrophy may more often be associated 
with lesions causing high pressure. 

Lesions Predisposing to Combined Atrial Enlargement.—In patients with 
ostium primum defects, prolongation of the P-R interval is frequent and is 
believed to be due to encroachment upon the atrioventricular conduction system 
by the anatomic defect." The frequent occurrence of ratios below 1.0 in our 
patients and in those of Martins de Oliveira® may in part reflect this congenital 
defect rather than atrial enlargement. Therefore, the use of the P/P-R segment 
ratio in patients with this lesion does not appear warranted. 

The atrial vectorcardiograms'® and the significantly higher pulmonary arterial 
pressures!7-!* in the group of patients with mitral stenosis and right ventricular 
hypertrophy indicated that this group had a greater incidence of combined atrial 
enlargement than did the group without right ventricular hypertrophy. There was 
no significant difference in the distribution of the P/P-R segment ratios between 
the patients with Type-I and those with Type-II mitral disease, which finding 
suggests that the ratio is of no value in distinguishing left atrial enlargement from 
combined atrial enlargement. On the basis of the high incidence of ratios greater 
than 1.6 in Type-II patients, one can assume that probably there is marked 
left atrial enlargement which is out of proportion to the degree of right atrial 
enlargement. 

Coronary Artery Disease-—The P/P-R segment ratios of the 25 patients 
with myocardial infarction were divided equally between abnormally low, 
normal, and abnormally high values. Intra-atrial conduction defects with ab- 
normal P-wave configuration, duration, and axis, and P-R interval prolongation 
have been noted by others?’ in patients with coronary artery disease. These 
changes are not necessarily indicative of atrial enlargement and may represent 
only conduction abnormalities due to vascular insufficiency.”'? The P/P-R 
segment ratio in these patients is, therefore, misleading. 


SUMMARY AND CONCLUSIONS 


1. The criteria of Macruz, Perloff and Case* were used to evaluate the 
differential diagnostic value of the ratio of P-wave duration to P-R segment 
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in 44 normal subjects and 267 patients with left, right, and combined atrial 
enlargement, and in patients with coronary artery disease. 

2. Eighty-six per cent of the normal subjects and 48 per cent of patients with 
atrial enlargement had ratios between 1.0 and 1.6, the normal range of Macruz. 
Thirty-four per cent of the patients who had right atrial enlargement had ratios 
below 1.0, and 44 per cent of the patients who had left atrial enlargement had 
ratios above 1.6. 

3. The criteria for right atrial enlargement with P/P-R segment ratios of 
1.0 to 1.6 were found to be inadequate. 

4. Combined atrial enlargement could not be diagnosed by use of the 
P/P-R segment ratio. 

5. The ratios in patients with coronary artery disease were high, normal, or 
low. 

6. Small errors in measurement, within the range of inaccuracies of standard 
electrocardiographic techniques, may cause significant differences in the P/P-R 
segment ratio. 

Conclusion.—The clinical use of the P/P-R segment ratio appears to be 
justified perhaps only as an ancillary electrocardiographic method of diagnosing 
atrial enlargement. Inherent difficulties of measurement, the small but definite 
percentage of falsely low or high values, the apparent confusion in patients with 
coronary artery disease, the frequent occurrence of normal values in the presence 
of atrial pathology, and the apparent inability to distinguish combined atrial 
enlargement are all factors which strongly limit its usefulness. No conclusion 
can be drawn as to the presence or absence of atrial enlargement when the ratio 
is 1.0 to 1.6. 
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The Atrial Vectorcardiogram in Health and Disease 


James Scheuer, M.D., Melvin Kahn, M.D., Selvyn Bleifer, M.D., 
Ephraim Donoso, M.D., and Arthur Grishman, M.D. 
New York, N. Y. 


INTRODUCTION 


The refinement of the techniques of vectorcardiography has greatly added 
to an understanding of the electrical activity of the heart. However, detailed 
analysis of atrial activity had been neglected because of the inadequacy of record- 
ing techniques. In recent years the improved fidelity of instruments has made 
possible the recording of small voltages at high magnification without distortion 
so that analysis of atrial activity is now possible (Fig. 1). 

The first detailed studies were reported by Jouve! and Duchosal? in 1949. 
Sano,® in 1953, reported the results of a study of the atrial vectorcardiogram in 
normal and abnormal subjects, using the electrical dissection method of Briller, 
Marchand, and Kossmann.‘ Since then, other investigators*-® have analyzed P 
loops in health and disease. The purpose of this study is to report the results of 
an analysis of the atrial vectorcardiograms of normal subjects and of those of a 
series of patients with atrial pathology, and to correlate the electrical events 
with anatomic and physiologic phenomena. 


SELECTION OF SUBJECTS 


A total of 128 subjects was studied. The number in each group and the age distribution are 
listed in Table I. 

Normal Subjects —Thirty-five normal adults and children were studied. All had a complete 
history, physical examination, x-ray of the chest, vectorcardiogram, and electrocardiogram, 
without evidence of disease. 

Subjects With Right Atrial Enlargement.—Patients in this group were selected for study whose 
underlying cardiac lesion predisposed them to right atrial enlargement, although no attempt 
was made to quantitate the volume or mass of the atria in these patients. The specific anatomic 
diagnosis was confirmed by cardiac catheterization, operation, and/or postmortem examination. 

Subjects With Left Atrial Enlargement.—In this group, 56 patients with mitral stenosis second- 
ary to rheumatic heart disease were studied. All of the patients had atrial enlargement confirmed 
by x-ray and fluoroscopy. Thirty-nine patients underwent right and/or left heart catheterization. 
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Exploration of the mitral valve was carried out in 51 patients. Postmortem examination was 
obtained on 9 patients. 

For the purpose of attempting to distinguish left atrial enlargement from combined atrial 
enlargement the patients were further subdivided. Type J: This group consisted of 27 patients 
without electrocardiographic"-” or vectorcardiographic® evidence of right ventricular hyper- 
trophy. Type IJ: This group consisted of 24 patients with electrocardiographic and vectorcardio- 
graphic evidence of right ventricular hypertrophy. It was assumed that patients with mitral 
stenosis who had right ventricular hypertrophy would have a higher incidence of combined atrial 
enlargement than would those without evidence of right ventricular hypertrophy. All of the 
9 patients on whom postmortem examinations were made are in this group, and these had right 
atrial enlargement. Type JJJ: This group consisted of 5 patients, some with and some without 
right ventricular hypertrophy, whose atrial vectorcardiograms were markedly different from 
those of either Type-I or Type-II patients. 


TABLE I. AGE AND DISTRIBUTION OF SUBJECTS 


AGE RANGE AGE MAN 
GROUP NUMBER (yR.) 


Normal children 1-13 
Normal adults 15-54 
Total normal subjects : 


Interatrial septal defects 

Pulmonic stenosis 

Idiopathic pulmonary hypertension 
Tricuspid stenosis!° 


Total right atrial enlargement 


*See text for a discussion of types of left atrial enlargement. 


RECORDING TECHNIQUES 


A twelve-lead electrocardiogram and vectorcardiographic component leads A, B, and C 
were obtained on a Sanborn Viso-Cardiette or Technicon three-channel, direct-writing electro- 
cardiograph. The vectorcardiographic component leads were utilized when necessary in the analysis 
of the vectorcardiogram. The vectorcardiograms were recorded using the cube system of elec- 
trode placement." The horizontal, right sagittal, and frontal planes were photographed from a 
Sanborn Viso-Scope. Sensitivity of up to 10 inches per millivolt was utilized in order to obtain 
optimal clarity of the P loops (Fig. 1). 

Maximum Vector (MV): A straight line from the isoelectric point to the most distal part of 
the loop.*:7-8 If there were two equally large divergent vectors, the angle of each was measured.’ 

Mean Manifest Axis (MMA): The vector which bisects the timed area (millivolt-milliseconds 
or Ashman units") of the P loop. 

Longest Axis: The longest straight line that could be drawn between any two points on the 
circumference of the P loop. 

Vectorcardiographic Analysis.—The amplitude of the P loops was noted, although no quantita- 
tion was attempted. The MMA was estimated in all three planes by dividing an enlarged P loop 
into two equal areas, taking into account the speed of inscription of the loop as measured by the 
interrupted beam. An area subtended by a slowly inscribed curve was considered to represent 
more Ashman units than a similar area subtended by a more rapidly inscribed curve. The P loops 
were analyzed for direction of inscription and configuration. 


27.8 

23.7 

21 5-37 17.0 

12 3-50 17.8 

3 26-40 31.0 

1 32 

37 3-50 18.6 

Type I* 27 21-50 34.6 

Type II 24 21-52 36.5 

Type III 5 25-40 33.2 

Total left atrial enlargement 56 21-52 35.5 
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RESULTS 


Mean Manifest Axis.—The distribution of the MMA of the P loops in each 
plane is indicated in the scattergrams (Fig. 2). The mean, standard deviation, 
and range of the MMA for each group in each plane is indicated in Table II. 
The MMA of the patients with Type-III left atrial enlargement are tabulated 
separately in Table III and are omitted from the statistical evaluations in Table 
IV. The level of significance of any observed difference in the mean MMA is 
presented in Table IV. 


Fig. 1.—Progressively greater amplification of the vectorcardiogram of a patient with mitral 
stenosis and right ventricular hypertrophy is shown to point out the clarity of the P loops which can 
be obtained for analysis. Note the large P loops with a prominent anterior and posterior component 
suggestive of combined atrial enlargement. 


Amplitude.—With equal recording sensitivities, the P loops in all planes 
in patients with atrial enlargement were larger than those in normal subjects. 
This is illustrated by comparing Figs. 3 through 8. Quantitation of this difference 
Was not attempted. 
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Direction of Inscription.—The direction of inscription of the P loops in 
each plane is tabulated in Table V. The direction of inscription was generally 
the same in all patients studied: counterclockwise in the horizontal, clockwise 
in the sagittal, and counterclockwise in the frontal plane. When figure-of-eight 
configurations were present, the initial component maintained the direction of 
inscription characteristic for that plane. There were 2 patients with right atrial 
enlargement and 3 patients with Type-III left atrial enlargement whose vector- 
cardiograms showed an unusual direction of inscription of the P loops. These 
will be discussed below. 


TABLE III. MANIFEST AXIS OF THE P Loops or PATIENTS WitH Type-III Lert Arriat 


ENLARGEMENT 
| ANGLE (IN DEGREES) 
HORIZONTAL | SAGITTAL FRONTAL 
Without right ventricular hypertrophy: 
Case 1 — 30 —170 +25 
Case 2 —- § — 70 — 30 
Case 3 — 20 — 65 —45 
With right ventricular hypertrophy: 
Case 4 +30 — 15 —35 
Case 5 —75 180 +20 


TABLE IV. SIGNIFICANCE OF OBSERVED DIFFERENCES OF THE MEAN MEAN MANIFEsT Axis (MMA) 


PLANE* 
| HORIZONTAL | SAGITTAL FRONTAL 
Normal adults and Normal children N.S. N.S. N.S. 
Pulmonic stenosis and Interatrial septal defect N.S. N.S. N.S. 
Type-I LAEf and Type-II LAE <0.01 N.S. N.S. 
All normal and All LAE <0.01 <0.01 <0.01 
All normal and All RAEf <0.01 =0.05 N.S. 
All RAE and All LAE <0.01 <0.01 =0.05 
All RAE and Type-I LAE <0.01 <0.01 <0.01 


*The numbers in the table are values of p. 

+LAE: Left atrial enlargement. 

tRAE: Right atrial enlargement. 

§Type-III left atrial enlargement is not included in these calculations, 

"N. S.: The observed differences in the mean MMA are not significant (p > 0.05). 


Configuration.—The P loops of normal subjects were generally closed in 
the horizontal plane. The loop originated and terminated at the isoelectric point 
(E point). In the sagittal and frontal planes the loops were usually open, with 
the point of termination separate from and directly superior to the isoelectric 
point. In the patients with atrial enlargement the loops were frequently open in 
all three planes. 
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Normal subjects (Fig. 3): The P loops were generally symmetrical and smooth, 
with occasional small incisurae. In any plane the total inscription of the loop, 
except for its terminal portion when the loop was open, never subtended an arc of 
greater than 90°. In the horizontal plane the terminal portion of the loop often 
extended into the left posterior quadrant. Generally, in all planes, the MV 
closely approximated the longest axis of the loop. 


Subjects with right atrial enlargement (Figs. 4-6): The P loops of patients with 
right atrial disease showed variability in configuration. In the horizontal plane 
there frequently were abrupt changes in direction which produced sharp angular 
loops. The entire loop was usually confined to the left anterior quadrant (Fig. 4), 
with an occasional small initial and/or terminal component extending into the 
adjoining quadrants. Because of the angulation, it was frequently possible to 
plot two vectors of almost equal “‘maximum” extent but at an angle to each 
other of greater than 30°.7 


The P loops in the sagittal and frontal planes also tended to have angular 
configurations (Fig. 5). In the sagittal plane, the anteroposterior extent was 
greater than normal. The long axis of the loop and the MV were almost identical. 


TABLE V. DIRECTION OF INSCRIPTION OF THE P Loops* 


| PLANE 
GROUP | HORIZONTAL SAGITTAL FRONTAL 
| ect | | € | Cc ec 
Normal 0 | 35 35 0 0 35 
Left atrial enlargement | | 
Type I O | 27 27 | 
Type II | 24 0 24 
Type III } o | § e549 3 2 
| | 
Right atrial enlargement | 2 35 | 35 | 2 0 37 
| 


*With P loops having a figure-of-eight configuration the direction of inscription of the initial com- 
ponent is considered in the tabulations. Although respiratory variations occasionally caused a change 
in the configuration of the P loops,’ there was no change in the direction of inscription of the initial 
component. 

tC: Clockwise. 

tCC: Counterclockwise. 


Subjects with left atrial enlargement (Figs. 1, 7, and 8): The shape of the P 
loops was frequently bizarre. In the horizontal plane the loops started anteriorly 
but terminated posteriorly. There was thus a sizable area both anteriorly and 
posteriorly, often occupying an arc of greater than 90°. The loops often had an 
incisura or figure-of-eight configuration. In more than half of the cases not clas- 
sified as figures-of-eight there was a small appendage of opposite rotation in the 
middle portion of the loop. In Type I, the largest portion of the loop tended to be 
posterior (Fig. 7). In Type II, the largest portion of the loop tended to be anterior 
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(Fig. 8). In Type I with figure-of-eight configurations there was no consistent 
relationship between the size of the two loops of the ‘‘eight,”’ although there was 
a tendency to either equality or for the largest loop to be posterior. In Type II 
with figure-of-eight configurations the more anterior loop of the “‘eight’’ tended 
to be the larger of the two. Because of the anterior and posterior extensions of 
the loops, there were frequently two “maximum vectors” in the horizontal plane, 
neither of which approximated the longest axis of the loop (Fig. 8). In only a few 
instances, usually in Type I, were the MV and the longest axis of the loop iden- 
tical (Fig. 7). 


Fig. 3.—The vectorcardiograms of 2 normal subjects are shown to demonstrate the normal varia- 
tions. The very small projection of the normal P loop in the horizontal plane is apparent in the top 
vectorcardiogram. Note the comparatively small size of the P loops in all planes and the normal orienta- 
tion (see text). 


The P loops in the sagittal plane tended to be broader than normal. This 
was most marked in Type II (Fig. 8). There was a tendency toward an ac- 
centuated triangular shape, with the apex at the isoelectric point and frequently 
a deep incisura at the base. The long axis of the loops were identical to the 
maximum vectors, except in those loops with deep incisurae in which two “ max- 
imum vectors’ could be plotted. The configuration of the P loops in the frontal 
plane were without consistency and often showed deep incisurae, sudden changes 
in direction, and sharp angulation (Figs. 7 and 8). 


DISCUSSION 


Normal depolarization of the atria begins at the sinoatrial node. The 
impulse spreads as a wave front across the right atrial muscle at a velocity ol 
about 1,000 mm. per second.'*!7 With a total period of atrial depolarization of 
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0.10 second, the wave front arrives at the atrial septum and initiates left atrial 
depolarization about 0.03 second after its onset.'* In temporal sequence it next 
arrives at the atrioventricular node and, about 0.075 second after its onset,!® 
rigiit atrial depolarization is completed.'® During this time, left atrial depolariza- 
tion has been continuing and its completion is signified by the end of the P loop. 
Thus, the initial 0.03 second of the loop is produced by right atrial depolarization; 
0.03 to 0.075 second is produced by depolarization of both atria; and the final 
0.025 second is produced by left atrial depolarization. 


HORIZONTAL 


. 


Fig. 4.—Vectorcardiogram (top) and electrocardiogram (bottom) of a patient with an interatrial 
septal defect. Note that the P loop is large, relatively smooth in contour, and oriented inferiorly, ante- 
riorly, and more to the right than in normal subjects. This suggests right atrial enlargement. The total 
inscription of the P loop in the horizontal plane is confined within the left anterior quadrant. 


In the case of left atrial enlargement the conduction time through the right 
atrium is presumably normal and, hence, left atrial depolarization is initiated 
on time, but the duration and voltage of the left atrial depolarization is in- 
creased.!*!9 This may be manifested electrocardiographically by wide P waves 
with high voltage.?°-* In the case of right atrial enlargement the duration of 
depolarization of the right atrium is prolonged and continues throughout the 
period of left atrial depolarization. The wave front arrives at the atrial septum 
on time, and left atrial depolarization is normal. Electrocardiographically, 
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the P wave is of high voltage but usually of normal duration.**> Widening of the 
P wave with right atrial enlargement may be due either to late arrival of the 
wave front at the atrial septum or prolongation of right atrial depolarization 
beyond the completion of left atrial depolarization." 


Fig. 5.—Vectorcardiogram (lop) and electrocardiogram (bottom) of a patient with tricuspid stenosis 
and marked right atrial enlargement. The P loop is larger than the T loop in all planes and is oriented 
anteriorly and to the right. Note the sharp angular configuration in the sagittal and frontal planes. 


The wave of excitation spreading from the sinoatrial node passes simul- 
taneously from right to left, superior to inferior, and first anterior and then 
posterior (right atrium to left atrium). Therefore, in normal sinus conduction 
the direction of inscription of the P loop is counterclockwise in the horizontal 
plane, clockwise in the sagittal plane, and counterclockwise in the frontal plane. 
With figure-of-eight loops these directions of inscription are still present during 
the initial (right atrial) portion of the loop. This is apparently quite consistent 
and was present in all normal subjects, all Type-I and Type-II patients with 
mitral stenosis, and 35 of the 37 patients with right atrial enlargement. 

There are variabilities of method to be considered in comparing the results 
of investigations of atrial vectorcardiography. Conway,’ Fowler,’ and Sano’ 
utilized the MV in their studies, whereas we have estimated the MMA. The truest 
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representation of the orientation of the electrical forces in any plane would be the 
resultant of all forces in that plane (mean manifest axis or mean electrical axis).* 
Electronic integration of the P loop during inscription would give the MMA 
directly, but since this method was not available to us at the time of this study, 
we attempted to estimate the MMA from the inscribed loops.* In our series of 
normal subjects, both measurements were made, and although there were dif- 
ferences in any single case, the means of the two measurements were almost 
identical. With vectors of bizarre shape, sharp angulations and bidirectional 
loops commonly noted in patients with atrial disease, the MV and the MMA 
were often at significantly different angles, and the MV was a misleading re- 
presentation of the orientation of the entire loop. 


Fig. 6.—Vectorcardiogram (top) and electrocardiogram (bottom) (paper speed 50 mm./sec., 15 
mm./mv.) of a patient with pulmonic stenosis. The inferior, anterior, and rightward orientation of the 
P loop is quite apparent and suggests right atrial enlargement. 


Different lead systems have been employed by various investigators in 
vectorcardiographic studies of atrial activity.'*°?7 Sano’ and Fowler® used the 
cube system of electrode placement,'‘ as we have done. In addition to these direct 
recording techniques, projections derived from scalar electrocardiographic leads 
have been used.®?8?° These differences in methodology must be considered in 
comparison of results. 


The normal P loop was oriented inferiorly, slightly to the left, and anteriorly 
(Fig. 3). The projection of the P loop on the horizontal plane was quite small. 
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In our series of normal subjects the mean MMA was +24° (S.D. = 21.8°; range 
—17° to +85°). In the sagittal plane the axis of the normal P loop was oriented 
inferiorly and somewhat anteriorly. The mean MMA was +80 (S.D. +11.2°: 
range + 39° to+97°). In the frontal plane the normal P loop was oriented inferiorly 
and somewhat to the left. The mean MMA was +72° (S.D. +18.1°; range +10° 
to+90°) (Fig. 2,4). There is a great similarity between the mean angles which we 
noted and those noted by other investigators,'*:7:5 although our results indicated 
a wider range of normal than had been previously appreciated. The similarity 
in results with the use of different linear references in determining the angles 
is due to the relatively smooth, narrow, symmetrical loops found in the atrial 
vectorcardiogram of normal subjects. 


SAGITTAL 


Fig. 7.—Vectorcardiogram (top) and electrocardiogram (bottom) of a patient with Type-I mitral 
stenosis. Note the absence of cardiographic evidence of right ventricular hypertrophy. The P loop in 
the horizontal plane has a figure-of-eight configuration, with the major portion oriented posteriorly 
as seen in left atrial enlargement. Note the triangular configuration in the sagittal plane. 


The relationship between atrial electrical phenomena and anatomic and 
physiologic changes have been studied.*® The degree of atrial dilatation and/or 
hypertrophy must be considered separately.*! The extent of either of these during 
life can only be inferred, and even at postmortem examination the evaluation 
may be difficult.*.* 
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Whereas the voltage and mean electrical axis of the P wave do not have 
ar evident relationship to the volume of the left atrium,”*:**-** an increase in the 
duration of depolarization is related to increasing volume of this chamber. ®:!8.44,37,38 
High voltage of the P waves without increase in duration appears to be associated 
with atrial hypertrophy rather than dilatation,®:'* although Wenger’ demonstrated 
increased voltage with acute dilatation of the right atrium in dogs. However, 
in his experiments there was a simultaneous acute elevation of right atrial pressure, 
and this, rather than the dilatation, may have been the factor responsible for the 
increased voltage. 
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Fig. 8.—Vectorcardiogram (top) and electrocardiogram (boltom) (paper speed 50 mm./sec.) of a 
patient with Type-II mitral stenosis. Note the tall R pattern in the right precordial leads, which is 
indicative of right ventricular hypertrophy. The P loop has a large anterior and posterior component 
apparent in the horizontal and sagittal planes. The P loop in the horizontal plane has a figure-of-eight 
configuration, with the loops of the ‘‘eight’’ almost of equal size. In the sagittal plane there is a broad 
triangular configuration, with an incisura at the base. Note the open P loops in the sagittal and frontal 
planes. The appearance suggests combined atrial enlargement. 


The hemodynamic phenomena of flow and pressure appear to be related to 
atrial electrical activity. Increased pressure may exist throughout the entire 
atrial cycle, as in atrioventricular valvular block, and in pulmonic stenosis; 
or during ventricular systole, as in atrioventricular valvular regurgitation. In- 
creased flow may be due to shunting through abnormal communications, valvular 
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regurgitation, increased cardiac output due to systemic disease, or increased stroke 
volume, as in complete heart block. The differential effects of these various 
stresses on atrial electrical activity is poorly understood. 

Some workers have noted that in patients with pulmonic stenosis there js 
a correlation between the right atrial pressure and P-wave voltage,***° whereas 
others have not been able to confirm these findings.*! No correlation was noted 
in patients with cor pulmonale“ or interatrial septal defects.* In our series of 
patients with interatrial septal defects, pulmonic stenosis, and primary pulmonary 
hypertension, we were unable to demonstrate a correlation between the right 
atrial pressure and P-wave voltage, P/P-R segment ratio of Macruz,!* or the 
MMA. 

The patients with mitral valvular disease were divided into two types on 
the basis of the presence or absence of vectorcardiographic™ or electrocardio- 
graphic!” evidence of right ventricular hypertrophy, on the assumption that 
the group with right ventricular hypertrophy would have a greater incidence of 
combined atrial hypertrophy, although overlap was anticipated. This assumption 
appears justified by certain observations. All 9 patients in whom postmortem 
examinations were obtained had enlargement of both atria and electrical evidence 
of right ventricular hypertrophy. The mean pulmonary arterial pressure of the 
patients with Type I was 43 mm. Hg (S.D. = 11.4 mm. Hg) and was significantly 
lower (p < 0.01) than the mean pulmonary arterial pressure of 92 mm. Hg 
(S.D. =27.5 mm. Hg) of the patients with Type II. Rightward deviation of the 
axis of the P in mitral stenosis suggesting combined atrial enlargement has been 
noted to be present only with marked pulmonary hypertension.* 46.47 

There is no apparent correlation in patients with mitral stenosis between 
the voltage of the P waves and pulmonary arterial pressure*® or atrial pressure.'* 
This is in accord with our experience. 

In patients with left atrial enlargement the mean MMA of the P loops 
was oriented more posteriorly, inferiorly, and to the left than in normal subjects 
(Fig. 2,C). This difference was significant in all planes. In the horizontal plane 
the mean MMA of the P loops of Type-II patients was significantly more anterior 
than was the mean of Type-I patients (Fig. 2,B). This and the greater overlap 
in the MMA between the normal subjects and the Type-II patients reflect the 
greater frequency of superimposed right atrial enlargement among the Type-II 
patients. In the horizontal plane, the P loops of Type-I patients were predom- 
inantly posterior and those of Type-II patients were predominantly anterior 
(Figs. 1, 7, and 8). In the sagittal plane, the P loops of the Type-I patients 
were often ovoid or figure-of-eight, whereas those of Type-II patients were 
frequently triangular, with deep incisurae at the base. Thus, combined atrial 
enlargement is manifested by a more anterior position of the MMA which is 
still more posterior than normal; the large initial anterior component which is 
attributable to right atrial enlargement; and the presence of large components 
before (anterior) and after (posterior) the large incisurae in the sagittal plane. 
The bizarre shapes, bifid characteristics, posterior orientation, and frequent 
figure-of-eight configurations of the P loops in patients with mitral stenosis 
have been noted by others.7:* The mean MV is more to the left and posterior than 
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the mean MMA’ because of the difference between these measurements in bifid 
loops. The P loops of the 10 patients who had mitral regurgitation noted at 
surgery in addition to mitral stenosis were not consistently different from the P 
loops of the patients with mitral stenosis alone. This is in accord with previous 
observations. *® 

The patients with right atrial enlargement had a mean MMA which was 
more anterior than that in the group of normal subjects (Fig. 2,B). The difference 
was most apparent in the horizontal plane. The more marked anterior and right- 
ward displacement of the mean MV’ than of the mean MMA is again due to the 
sharp angulations of the early part of the vector loop. There was a wide range of 
the MMA of the P loops among patients with right atrial enlargement, and 
extensive overlapping with the MMA of the normal subjects. The P loops were 
wider and more angular in contour than normal loops (Figs. 4-6). There was no 
consistent or apparent difference in either configuration, direction or inscription, 
or duration of the P loops between the patients with pulmonic stenosis, those 
with interatrial septal defect or those with primary pulmonary hypertension. 
Increased pressure (systolic overloading) or increased flow (diastolic overloading) 
could not be distinguished vectorially. This is in accord with the findings of 
Martins de Oliveira and Zimmerman.® 

The Type-III patients with left atrial enlargement (Table III) and the 
2 patients with right atrial enlargement and abnormal rotation presented special 
problems. The P loop of Case 1 (Type III) had more marked posterior dis- 
placement than did that of any of the other patients, but the initial components 
and rotation were normal. The loops of this patient were similar to some of those 
noted by Sano’ and may simply represent a variant type found in left atrial 
enlargement. There was marked superior orientation and abnormal direction of 
inscription of the P loops of the other Type-III patients, whereas the orientation 
was normal in the 2 patients with right atrial enlargement and abnormal direction 
of inscription. There was no evidence to suggest a nodal focus, although an ectopic 
atrial focus or aberrant interatrial conduction must be considered.’»® A displace- 
ment of the isoelectric point due to an unusual position of the heart may be the 
cause of the superior orientation and abnormal rotation. 

In this study we have been able to demonstrate that abnormal atrial vector- 
cardiographic patterns occur in atrial disease, but there is extensive overlapping 
with normal subjects. We have also observed that patients with coronary artery 
disease may have P loops of abnormal duration, orientation, and configuration. 
Abnormality of the P wave has been well documented electrocardiographically* 
and is probably due primarily to interatrial conduction disturbances. In order to 
evaluate the atrial vectorcardiogram a knowledge of the underlying cardiac 
lesion is useful in interpreting the significance of any abnormality of the in- 
scribed P loop. We have not been able to distinguish vectorially atrial diseases 
secondary to high flow from those due to high pressure. The horizontal plane 
has proved most useful in evaluating the P loops. The open P loop in atrial disease 
and the distinctive shape of the loops in left and combined atrial enlargement 
are most apparent in this projection. Its two dimensions, right-left and anterior- 
posterior, are those that are most affected in atrial enlargement. 
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SUMMARY 


1. The atrial vectorcardiograms of 35 normal subjects and 93 patients with 
right, left, and combined atrial enlargement were recorded at high magnification. 
These were analyzed for spatial orientation, direction of inscription, and con- 
figuration. 

2. The orientation of the normal P loop was inferior, slightly to the left, 
and anterior. The mean manifest axis (MMA) was directed more anteriorly 
and to the right in patients with right atrial enlargement than in normal subjects, 
whereas in patients with left atrial enlargement it was directed more posteriorly 
and to the left. These differences were significant, although there was a wide 
range of variability within any group and extensive overlapping with the normal 
subjects. 

3. The direction of inscription of the P loop or of the initial component when 
the loop had a figure-of-eight configuration was counterclockwise in the horizontal 
and frontal planes and clockwise in the sagittal plane in all normal subjects and 
in all but 6 patients with atrial enlargement. 

4. The distinctive configurations of the P loops in the horizontal and sagittal 
planes of the vectorcardiograms of patients with left and combined atrial en- 
largement were described. 

5. The distinctive abnormalities of the P loops associated with atrial en- 
largement were most apparent in the horizontal projections. 

6. Our results were compared with those of other investigators. Similarities 
and differences were discussed in relation to the vectorcardiographic lead system 
utilized and the linear reference system employed. 

7. The hemodynamic phenomena of flow and pressure, the pathologic entities 
of hypertrophy and dilatation, and the sequence of atrial depolarization were 
analyzed and the relationship of each to the atrial vectorcardiogram was discussed. 

8. It was concluded that there are atrial vectorcardiographic patterns sug- 
gestive of right, left, and combined atrial enlargement. The orientation and 
configuration of the P loops of patients with atrial disease overlap extensively 
with those of normal subjects. The P loops in patients with coronary artery 
disease may be similar to those of patients with atrial enlargement. Knowledge 
of the basic lesion is, therefore, useful in interpreting atrial vectorcardiograms. 


The authors wish to acknowledge the assistance of Miss Ruth Jaspan in this study. 
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Phonocardiography in Interventricular Septal Defects 


Ernest Craige, M.D., Chapel Hill, N. C. 


Physiologic studies in patients with interventricular septal defects have, 
in recent years, demonstrated a whole spectrum of abnormalities.'? At one end, 
there are the small left-to-right shunts, with pressures and resistances in the 
pulmonary and systemic circuits remaining normal. The magnitude of the shunt 
is regulated in these cases by the size of the opening and the pressure gradient 
across it. In the larger defects, however, the anatomic communication presents 
less of an obstruction. Here the magnitude of the left-to-right shunt is controlled 
by the relative resistance of the pulmonary and systemic arterioles.* There may 
be very large shunts, several times the systemic flow, in cases in which pulmonary 
resistance is low. The pulmonary resistance, however, may reach such a magnitude 
that the left-to-right shunt will be much reduced in volume, and a right-to-left 
shunt may appear. The classic physical findings are altered with these modifica- 
tions in flows and pressures. Recently, phonocardiographic studies have been 
utilized in the assessment of these patients who are now often under consideration 
for surgical repair of the defect.‘ The present study demonstrates the relationship 
between the phonocardiographic findings and the physiologic abnormalities 
as disclosed by cardiac catheterization. 


MATERIALS AND METHODS 


Thirty-five patients with interventricular septal defects demonstrated at cardiac catheteri- 
zation were studied. They ranged in age from 4 to 34 years; the average age was 13 years: Patients 
with additional abnormalities, such as pulmonary, stenosis, were not inglyded. Cardiac catheteri- 
zation was performed in the standard manner, using Statham P23D sf¥ain gauges for pressure 
transducers, and a four-channel Sanborn Poly-Viso apperatus for pressure recording. 

In the younger children, the collection of air santples for the determination of oxygen con- 
sumption was impractical. The volume of-the shunt, therefore, is expressed, not in cubic centi- 
meters, but as a proportion of the systemic blood flow. For example, simple left-to-right shunts 
are expressed as a fraction of systemic flow: 

- PBF — SBF® 
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where Y = left-to-right shunt, PBF = pulmonary blood flow, and SBF = systemic blood flow. 
In order to express the left-to-right shunt in cases in which two-way shunting occurs, the following 
formula is used: 


Y = PBF EPBF 
PBF EPBF 
SBF 


and for the right-to-left shunt: 
— EPBF 
EPBF 
SBF 
where EPBF = effective pulmonary blood flow, and Z = right-to-left shunt. By use of these ratios 
a quantitative expression of the shunts is made possible without the use of determinations of 
oxygen consumption. 

The patients were divided according to measurements of pressures in the pulmonary artery, 
and blood flow, into three groups. Group J: Systolic pressures in the pulmonary artery of 45 mm. 
Hg or below, with a shunt of small to moderate size (up to 2.0 times systemic flow). Group IT: 
Systolic pressures moderately elevated in the pulmonary artery, but with large left-to-right 
shunts. The hypertension here was believed to be of the hyperkinetic variety, because there was 
no evidence of increased pulmonary arteriolar resistance. Group III: Pulmonary hypertension 
of severe degree. These patients had shunts of smaller size, with often a right-to-left, as well as 
a left-to-right, component of the shunt. Here the pulmonary hypertension was attributed to in- 
creased pulmonary resistance. 

Phonocardiograms were made on all patients in the recumbent position by means of a San- 
born Twin-Beam oscillograph, at paper speeds of 75 mm. per second. Logarithmic recordings 
were taken in all instances. The bell endpiece was usually employed, although the diaphragm was 
used to pick up higher frequency sounds or murmurs. The heart sounds were recorded at the 
apex, and in the fourth, third, and second left intercostal spaces, as well as in the second right 
intercostal space. Lead II of a simultaneous electrocardiogram was recorded for timing purposes. 
An estimation of the amplitude of heart sounds was made on a grading scale of increasing in- 
tensity from 1+ to 4+, with 1+ meaning a sound of diminished intensity; 2+, normal; 3+ and 
4+, increased amplitude. These phonocardiographic phenomena are difficult to quantitate in a 
more precise manner, because of differences in thickness of the chest wall, as well as varying 
frequencies of the sounds being recorded. Since the details of the second sound were often ob- 
scured in the location of maximum intensity of the murmur, the details of timing of the components 
of the second sound were best studied in other localities, such as the pulmonic area. The figures 
given for splitting of the second sound were obtained during the expiratory phase of respiration. 
For controls, a group of 23 normal students were examined; they ranged in age from 10 to 19 
years. Splitting of the second sound was found to be present in them, varying with respiration 
but averaging 0.027 second during expiration, and having a range of 0.02 to 0.04 second. The 
ejection sound in early systole was best seen in tracings made in the second and third left inter- 
costal spaces. It was recorded as a brief sound, lasting only 0.01 to 0.02 second. Its time was noted 
from onset of the QRS complex of the electrocardiogram (Q-ejection sound). The time of ap- 
pearance of the first rapid vibrations of the first sound, indicating closure of the A-V valves, was 
also noted and is referred to in Table I as the Q-1 time, 


RESULTS 


Group I.—Cases 1-22. The patients with low systolic pressures in the pul- 
monary artery had relatively small left-to-right shunts (Table I). There were 
22 in this group; the average age was 10 years. The second sound was not increased 
in amplitude in 20 out of 22 of these individuals. It was normally split (0.02 
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Fig. 1.—Case 14. The pansystolic murmur is maximal in the fourth left intercostal space, where 
it has a crescendo-decrescendo configuration. This was the most common murmur in Groups I and II 
and is designated Type A in Table I. 
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Fig. 2.—Case 10. The pansystolic murmur is again maximal in the fourth left intercostal space, but is of 
constant intensity. Type B in Table I. 
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to 0.04 second; average 0.03 second) in 15 of the 22 in this group. Variation in 
the degree of separation of the two components was frequently noted with 
respiration. However, in 7 patients, splitting was noted up to 0.05, 0.06, and 0.07 
second, persisting in expiration, although the electrocardiogram was normal, 
with no evidence of conduction delay, and flow through the shunt was relatively 
small. 

A third sound was noted in the third and fourth left intercostal spaces in 5 
of these patients. Its timing was that of a normal third heart sound, and it was 
considered to be a normal finding in these youthful subjects. One patient in this 
group had an apical low-frequency diastolic murmur. Its timing was early to mid- 
diastolic, and corresponded to the period of rapid filling of the ventricle. Ejection 
sounds, or systolic clicks, were not found in this group, with but one exception. 


An intense pansystolic murmur was noted in all the patients in Group | 
(Fig. 1). The murmur was of high frequency and began immediately after the 
first sound. It extended to, and often slightly beyond, the aortic component of 
the second sound. The location of maximal intensity of the murmur was in the 
third or fourth left intercostal space parasternally. In 5 patients, however, the 
murmur was equally intense in the second left intercostal space. The distinct 
peaking in the intensity of the murmur in mid-systole produced a diamond 
shape on the phonocardiogram in 14 cases. In 7 others, however, the murmur had 
a much more constant intensity and resulted in what might better be described 
as a cigar shape on the tracing (Fig. 2). In 1 case an atypical crescendo murmur, 
which reached a peak just before the second sound, was noted. In the area of 
maximal intensity of the murmur, details of the second sound were often obscured. 

Group II.—Cases 23-27. The 5 patients in this group were characterized 
by moderate to severe pulmonary hypertension. Their average age was 17 years. 
Their left-to-right shunts were very large (4 to 6 times systemic flow), and no 
right-to-left shunts were noted. 

The second sound was normally to widely split in these patients, with the 
two components 0.02 to 0.05 second apart. Respiratory variation was not present 
in those with the widest splitting. 

In 4 of the 5 patients in this group, third sounds were noted in the apical 
tracing. In 1 of them this was followed by an apical low-frequency diastolic 
murmur of brief duration. 

In 3 of the patients in Group II an early ejection sound or click was noted. 

The systolic murmur was similar to that described in the patients of Group I; 
it was pansystolic and of high frequency and intensity. Its configuration was 
also diamond shaped, being crescendo-decresendo (Fig. 3). There was one ex- 
ception, Case 27, in which the murmur was brief and of small intensity, being, 
therefore, of the type seen more typically in the patients of Group III. 

Group III.—Cases 28-35. The 8 patients in this group had pulmonary 
hypertension of severe degree. Their average age was 18 years. Small to moderate 
left-to-right shunts up to 2 times the systemic blood flow were present. In 7, 
there was an associated right-to-left shunt of from 0.13 to 0.5 times the systemic 
blood flow. 
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In 2 of these patients the second sound was narrowly split (0.03 second), 
but in the remaining 6, no splitting could be detected. In 7 of the 8 in this group 
the second sound was moderately to greatly accentuated in intensity (3+ and 4+). 
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Fig. 3.—Case 24. Intense pansystolic murmur of Type A, seen in presence of a large left-to-right shunt. 
A third sound is present. 
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Fig. 4.—Case 32. The systolic murmur is barely visible (Type C in Table I). There is a systolic ejection 
sound (X) and an accentuated single second sound. 
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A systolic click or ejection sound was recorded early in systole in all of these 
patients with severe pulmonary hypertension. It was best seen in tracings taken 
in the second and third left intercostal spaces. The time of the systolic click 
averaged 0.12 second from the onset of the QRS (range, 0.10 to 0.13 second), 
The time from onset of the QRS to the beginni:..: of the main valvular components 
of the first sound averaged 0.07 second (rang-, 0.05 to 0.08 second). 

A third sound was not seen in any of these patients with severe pulmonary 
hypertension. No apical diastolic murmur was recorded in any of this group. 
One, however, had a decrescendo diastolic murmur in the pulmonary area, 
attributed to pulmonary regurgitation. 

The systolic murmur was atypical in all of the patients of Group III (see 
Table I and Fig. 4). It was abbreviated in duration, being completed during 
approximately the first third of systole, in contrast to the pansystolic duration 
of the murmurs in the patients of Groups I| and II. The intensity of the murmur 
was very small, again in striking contrast to those in patients of Groups I and II. 


DISCUSSION 


The systolic murmur in ventricular septal defect results from turbulence due 
to the jet of blood passing through the defect. It is not surprising, therefore, 
that modifications in the murmur occur with heightened resistance in the pul- 
monary circuit, which diminishes the left-to-right flow. This effect is seen in the 
contrast in murmurs between the patients of Group III and those of the groups 
with lower pressures. The soft and brief systolic murmur along the upper left 
sternal border in these patients with similar pressures in the two ventricles has 
been attributed by Leatham® and Wood’ to ejection of blood into the dilated 
pulmonary artery, rather than to flow through the septal defect itself. 


In patients with large flows, there is increased filling of the left ventricle 
in early diastole. This, in turn, is usually associated with a third sound or mid- 
diastolic murmur at the apex in the patients of Group II, and some of the patients 
of Group I. Whether the apical rumbling murmur was associated with a gradient 
of pressure across the mitral valve could not be determined by the methods 
employed here. It was believed to be a flow murmur resulting from an increased 
return from the lungs to the left side of the heart.® 


Because of the degree of pulmonary hypertension which existed in some 
of the patients of Group III, a blowing diastolic murmur of pulmonary regurgita- 
tion might have been expected. This was noted, however, in only one instance. 
The tendency to wide splitting of the second sound in some of the patients of 
Groups I and I] is attributed to two factors: (1) prolongation of right ventricular 
systolic ejection, associated with an increased stroke volume of the right ventricle, 
which might delay pulmonary closure; and (2) a shortened left ventricular systolic 
ejection, with early closure of the aortic valve because of the existence of an 
alternate route of ejection from the left ventricle in addition to the aorta. Extreme 
elevations in pulmonary pressure were reflected in narrowing and accentuation 
of the second sound. This was due to an abbreviation of right ventricular systolic 
ejection, as has been shown to be present in pulmonary hypertension from various 
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causes. In addition, an early systolic click or ejection sound appeared in the 
patients of Group III. The finding of such a sound has been well described by 
Leathiam and Vogelpoel® in cases of pulmonary hypertension, and has also been 
demonstrated in a variety of conditions resulting in dilatation of the aorta or 
pulmonary artery.® Its timing is such as to coincide with the beginning of the 
period of maximum ejection of blood into the dilated and probably already tense 
pulmonary artery. This clicking sound is easily confused with the valvular 
components of the first sound. The latter, however, are best heard—and re- 
corded—over the apex or tricuspid areas, whereas the systolic click in the patients 
of our Group III was recorded over the second and third left intercostal spaces, 
0.05 second after the initial valvular contributions to the first sound. Although 
there are some exceptions, as noted in Table I, the differences in phonocardio- 
graphic findings in the three groups can be summarized simply in Table II. 


TABLE II. SUMMARY OF PHONOCARDIOGRAPHIC FINDINGS IN 35 CASES OF INTERVENTRICULAR 
SEPTAL DEFECT 


DIASTOLIC | EJECTION 
SYSTOLIC MURMUR PHENOMENA | SECOND SOUND | SOUND 


Group I Loud; pansystolic; cre- | Zero; or normal Normally to widely | Absent 
scendo-decrescendo or of | __ third sound in split. Usually 
constant intensity. | children variable with 
Maximal in third and | respiration. Not 


fourth LICS accentuated 


| Type A or B as in Figs. 
1 and 2 


Group II | Loud; pansystolic; cre- Third sound or Normally to widely | Sometimes 
scendo-decrescendo. | mid-diastolic split, but not present 
Maximal in third and | murmur variable with 
fourth LICA respiration when 

widely split 

Type A as in Fig. 3 

Group III | Short, soft, early systolic; | Occasionally, pul- | Narrowly split or | Present 

maximal in second, monary diastolic | single. Accentu- 

third, or fourth LICS murmur 


Type C as in Fig. 4 


It is of interest that, as Brotmacher and Campbell'® have pointed out, 
the uncomplicated ventricular septal defects with normal pressures tend to be 
found in patients in the first two decades of life, whereas the cyanotic types 
are found in patients more evenly spread through the first four decades. In our 
series, the average age of the patients of Group I was 10 years, and the average 
age of those in Groups II and III was 17 and 18 years, respectively, a finding in 
agreement with the data of these authors. We do not feel, however, that there is 
necessarily a tendency for patients to progress from one group to another, since 
in those patients who have been recatheterized, physiologic findings were un- 
changed. 
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SUMMARY AND CONCLUSIONS 


Thirty-five patients with interventricular septal defects were studied by 
means of cardiac catheterization and phonocardiography. They were divided 
into three groups on the basis of pressures and flows in the pulmonary artery, 
Group I were those with low pressures and flows who had harsh, pansystolic 
murmurs, either crescendo-decrescendo or of constant intensity, with normally 
to widely split second sounds. Group II were those with moderate to severe 
pulmonary hypertension and large left-to-right shunts who also had loud pan- 
systolic murmurs, crescendo-decrescendo in configuration, and second sounds 
that were normally to widely split. Apical third sounds or diastolic murmurs 
were seen in this group and were attributed to rapid filling of the left ventricle. 
This transitional group shared some of the features of the other two types, since 
the systolic murmurs were similar to those in the patients with smaller shunts, 
whereas ejection sounds were often present, as in the patients with high pressures 
and mixed shunts. Group III were the patients with severe pulmonary hyperten- 
sion and smaller or mixed shunts who had atypical systolic murmurs—brief 
and subdued. The second sound was accentuated and often single, and an ejection 
sound in early systole was uniformly present over the pulmonary area. 

It is believed that the phonocardiogram adds significantly to one’s ability 
to estimate the state of the physiologic disturbance in patients with interventric- 
ular septal defect. 


The cardiac catheterizations were performed by Dr. Nelson K. Ordway and Dr. Herbert 
S. Harned, Jr., Department of Pediatrics, and Dr. Daniel T. Young and Dr. Thomas C. Gibson, 
Department of Medicine, North Carolina Memorial Hospital, Chapel Hill, N. C. 
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Transitory Q Waves Simulating the Q Wave of Myocardial Infarction 


Arthur G. Goldman, M.D., Harry Gross, M.D., and Ira L. Rubin, M.D. 
New York, N.Y. 


Since the advent of electrocardiography, the significance of a Q wave in 
myocardial infarction has been evaluated primarily on the basis of its amplitude 
and duration with respect to the location of the recording electrode. When a 
significant abnormality is established by certain empiric criteria, recent or old 
myocardial infarction is assumed to be present. Rarely, abnormal Q waves are 
due to muscular dystrophy, amyloidosis, or metastases to the heart. 

A widely held concept of the origin of Q waves in myocardial infarction is 
that the Q wave of transmural myocardial infarction is produced by the failure 
of electrically inert muscle tissue in the vicinity of the electrode to contribute 
a positive vector force in the initial 0.03 to 0.04 second of the depolarization 
process. This inert muscle acts as a “‘short circuit,’’ and an electrode over such 
an area records the changes in potential approximating those of the subjacent 
cavity. In the central area of a large ‘“‘through and through” infarct, a QS wave 
will be noted. In the marginal areas, where a thin outer layer of physiologically 
intact muscle remains, an initial deep Q wave will be followed by an r or R wave 
as depolarization of this intact muscle becomes the dominant vector force. The 
amplitude and duration of the r or R wave.tan be refated to the thickness of 
this uninjured marginal muscle, and; to ‘ome extent, the am litude,and duration 
of the Q wave may be correlated with depth and area oMotSlly infarcted muscle.” 
According to Prinzmetal,' a “through and through” infarct need not be present, 
but only a superficial layer of epicardial myocardium need be involved to produce 
an abnormal Q wave. 

The electrocardiographic and anatomic correlation of the significant Q 
wave with myocardial infarction is well documented in experimental work with 
animals and in human necropsy data.? In addition, a good deal of information 
has been accumulated concerning the pattern and reversibility of the S-T and 
T-wave changes produced by experimental occlusion of the coronary arteries in 
animals. It is currently accepted* that S-T and T-wave abnormalities produced 
by electrophysiologically abnormal muscle appear before any histologic evidence 
of infarction can be detected. 


From the Medical Service, Montefiore Hospital, New York, N.Y. 
Received for publication Jan. 7, 1960. 


61 


GOLDMAN, GROSS, AND RUBIN Am, Booed 


Surprisingly little, however, has been published concerning the onset and 
reversibility of QRS abnormalities produced by temporary coronary occlusion. 
In the dog, Bayley and La Due‘ observed a progressively deepening Q wave 
during experimental occlusion of a coronary artery for 50 minutes. The onset of 
the abnormal Q wave was noted approximately 35 minutes after the occlusion, 
and its disappearance was noted 15 minutes after release of the occlusion. No 
resulting anatomic abnormality was described. Blumgart and associates® studied 
the effect of temporary occlusion of the coronary arteries in animals, and found 
that in dogs, up to 20 to 25 minutes of total occlusion could usually be tolerated 
without producing gross or microscopic evidence of myocardial infarction. When 
ligation exceeded 25 minutes, the extent of the infarct was roughly proportional 
to the duration of the arterial occlusion. Occlusions of 40 to 45 minutes produced 
infarcts as large as those which occur after permanent, complete occlusion of 
the artery. These authors noted that no significant QRS abnormalities occurred 
during or after these experiments; only S-T segment and T-wave changes de- 
veloped. This may well have been related to the fact that only the standard 
limb leads were recorded, and the areas of infarction were of relatively small 
size and intramural in location. Favorably placed epicardial electrodes might 
have demonstrated QRS abnormalities similar to those observed in the experi- 
ment of Bayley and La Due. Gross abnormalities in contractility and appearance 
of the affected myocardium were noted in all experiments within 1 minute after 
occlusion. 

Biochemical studies of myocardium subjected to arterial occlusion for as 
few as 15 minutes exhibited significant alterations in cellular and extracellular 
fluid and electrolyte relationships.’ Recent electron-microscope studies of rat 
myocardium after coronary occlusion for 1 hour tend to confirm this picture.® Pe- 
riods of vascular occlusion lasting longer than the 20 to 25 minutes of Blumgart’s 
experiments may be tolerated under certain experimental conditions. Nydick 
and associates’ demonstrated the protective effect of fibrinolytic therapy (intra- 
venous plasmin) upon the evolution and extent of myocardial infarction in dogs 
in which the anterior descending coronary arteries were clamped for 3 hours. 
Dogs which received such treatment demonstrated considerably less extensive 
necrosis than did the control animals. These authors conclude that, ‘‘the viability 
of myocardium deprived of its blood supply may be much longer under the con- 
ditions of these experiments than the often quoted thirty minutes.’”’ 

It is reasonable to assume that a period of time exists, after the interruption 
of blood flow to an area of myocardium, during which QRS and contractile 
abnormalities appear and are reversible. It is possible that these changes may be 
seen in situations of less severe degrees of ischemia applied over a longer interval 
of time, particularly in the presence of such factors as anemia, hypoxia, or hypo- 
glycemia. The period of reversibility would be inversely related to the severity 
of the resultant metabolic disturbance of the myocardium. At such times, the 
electrocardiogram may be a more sensitive index of myocardial function than is 
any other diagnostic technique. 

Recent reports indicate that the findings demonstrated by Nydick and asso- 
ciates in the experimental animal may also have clinical applicability in the 
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human being. According to these reports,*.® transitory Q waves have been 
denionstrated in the absence of clinical myocardial infarction. This suggests 
that another parameter must occasionally be added to the interpretation of the 
Q wave: in addition to the presence of a significant Q wave, the persistence of 
this abnormality after the onset of an acute episode must also be taken into 
consideration. 

Four examples of this problem are presented in this report. To obviate 
the difficulties due to positional factors in the interpretation of limb lead ab- 
normalities, these examples have been chosen specifically for the precordial 
location of the Q waves. 


CASE REPORTS 


CasE 1 (Montefiore Hospital #82328).—P. K. was a 70-year-old white woman admitted to 
Montefiore Hospital on June 29, 1956, with a loss of weight, weakness, and vomiting. Diabetes 
mellitus had been diagnosed 20 years before admission. Eight months before admission, a gastric 
neoplasm had been resected at another hospital. During the weeks immediately prior to this 
admission, her intake of food had been markedly reduced and her insulin requirement had de- 
creased from 40 units (protamine zinc insulin) to zero. Except for nonprogressive 1-2 flight dyspnea, 
to which she had been subject for 20 years, no symptoms suggestive of heart disease were noted. 

On admission, the patient’s vital signs were normal. Except for marked cachexia and the 
presence of an epigastric mass, her physical examination was unremarkable. 

The hematocrit was 46 per cent and fell to 32 per cent following hydration. There was moderate 
albuminuria, 2+ glycosuria, and marked pyuria. Fasting blood sugar was 270 mg. per cent; 
blood urea nitrogen was 5.8-21 mg. per cent. Serum electrolytes were normal except for mild 
hyponatremia. The admission 12-lead electrocardiogram (Fig. 1, June 30) showed normal sinus 
rhythm, left axis deviation, low T,, and negative Tay,. Radiologic examination revealed a func- 
tioning gastroenterostomy and evidence of recurrence of a gastric neoplasm. 

Realimentation of the patient by intravenous fluid therapy was begun, with regular insulin 
administered according to fractional urinary findings (10 units for 3+, 15 units for 4+). On this 
regimen, a persistent 2-3+ glycosuria was recorded and little insulin was required. Beginning 3 
days after admission, 30 to 40 units of regular insulin were placed in each liter of 10 per cent dex- 
trose solution, and for the succeeding 3 days the patient was totally aglycosuric. On the morning 
of the fifth hospital day the patient became comatose transiently. 

Examination showed a positive Babinski sign on the left; her pupils were small and fixed 
in the midline. The blood pressure was 155/75 mm. Hg; ventricular rate and pulse rate were 80 
per minute. The rhythm was totally irregular, with marked variation in the intensity of the pulse 
and heart sounds. The patient recovered completely while being examined. The insulin content 
of the infusion was decreased to 10 units per liter, allowing mild glycosuria to persist. A blood 
sugar was not drawn at this time, but, clinically, it was felt that the patient had experienced an 
episode of severe hypoglycemia. An electrocardiogram taken a few minutes later (Fig. 1, July 4) 
showed a decrease in the amplitude of R; and Rayz, deep Qe, and notched QS in Leads III and 
aVy; in the precordial leads there was a deep QSy-; and a significant QRys-¢ which differed from 
the previous Rs or R patterns. The T waves were low to negative across the entire precordium. 
Serum transaminase and sedimentation rate on the morning after her reaction to insulin were 
normal. Follow-up electrocardiograms, recorded 5 days (July 9) and 8 days (July 12) after the 
acute episode, showed a return toward the admission tracing, with loss of the Q waves in Leads 
II, aVy, and Ve2.¢. The precordial T waves were more negative on July 9, and became more positive 
on July 12. Later electrocardiographic tracings on July 16 and July 21 showed negative T waves 
in Leads II, III, aVy, and V2-¢ in the absence of QRS changes. A repeat serum glutamic-oxalacetic- 
transaminase level was normal. 

On the twentieth hospital day (July 19) the patient developed fever, nuchal rigidity, and 
an isolated right central facial paralysis. Examination of cerebrospinal fluid was normal. Blood 
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culture was positive for Staphylococcus aureus. Intensive antibiotic therapy was instituted during 
the next 6 days. The patient became hypotensive, and evidence of right- and left-sided heart failure, 
unresponsive to digitalis, developed. She expired on the twenty-seventh hospital day. 

Positive findings at necropsy were adenocarcinoma of the stomach with regional lymph 
node infiltration, edematous lungs with focal areas of pneumonia and bronchitis, acute passive 
congestion of the liver and spleen, and acute pyelonephritis and abscess formation in the kidneys, 
The heart weighed 275 grams, and there was no evidence of dilatation or hypertrophy. The 
coronary Ostia were patent, and only minimal evidence of atherosclerosis was noted, without 
obstruction at any point. The myocardium was normal on both gross and microscopic examination, 
except for occasional small areas of lymphocytic infiltration. Examination of the brain was normal. 


Comment.—It is doubtful whether the appearance of significant QR waves 
in Leads V,4-¢ in the electrocardiographic tracings of this patient can be explained 
solely on the basis of positional changes such as extreme acute right ventricular 
dilatation. The combination of mild coronary atherosclerosis, anemia, and hypo- 
glycemia may have caused a metabolic insult to a section of myocardium of suff- 
cient degree to produce transient Q waves without myocardial infarction, in 
which case the electrophysiologic disturbance is temporarily identical to that 
occurring in myocardial infarction. 


Case 2* (Montefiore Hospital #88473).—S. L. was a 56-year-old white man admitted to 
Montefiore Hospital on March 26, 1957, for resection of an aneurysm of the abdominal aorta. 
The patient gave a 5-month history of intermittent claudication in both lower extremities. Two 
weeks before admission he was hospitalized elsewhere because of the sudden onset of pain below 
the right knee and in the region of the left mid-calf, weakness, and pallor. An aneurysm of the 
abdominal aorta was palpated and demonstrated radiologically between the renal arteries and the 
bifurcation of the aorta. Treatment with spinal anesthesia and sympathetic block produced 
marked improvement, and the patient was ambulatory immediately prior to transfer to Montefiore 
Hospital. Review of systems was negative, except for a 25-year history of heavy intake of alcohol. 
No cardiac symptoms were elicited. 

Physical examination was unremarkable, except for a palpable pulsating mass in the left 
upper quadrant and signs of peripheral arterial insufficiency in both lower extremities. 

Laboratory data were entirely normal, except for an A/G ratio of 3.8/4.3 and a chest film 
which showed pulmonary emphysema and calcification of the aorta. An admission electrocardio- 
gram (Fig. 2, March 27) was within normal limits. 

On the eighth hospital day (April 3), a resection of the abdominal aneurysm, and a left 
lumbar sympathectomy was performed. Loss of blood, which was considerable, was quickly 
replaced. Despite these measures, the patient became increasingly hypotensive and required nor- 
epinephrine and hydrocortisone therapy. Electrocardiograms obtained 24 and 48 hours post- 
operatively (Fig. 2, April 4 and 5) showed significant Q waves in Leads I, II, III, aVi, aVr, and 
V4.s, with elevated S-T segments in Leads I and V;-.. A gallop rhythm appeared, and the ad- 
ministration of digitalis was begun 24 hours postoperatively. The patient continued to do poorly, 
coughing up purulent sputum. A gastric aspirate showed coffee-ground material. The hematocrit 
dropped to 38 per cent, sodium to 123 mEq./L., and the blood urea nitrogen rose to 43.3 mg. 
per cent. The patient went into cardiac arrest and died 54 hours postoperatively. 

Postmortem examination showed that the right lung was emphysematous and the left was 
atelectatic; microscopically, no other pulmonary abnormality was present. There was periportal 
fibrosis of the liver. The adrenals were atrophic, and the kidneys showed tubulorhexis. Patchy 
areas of medial necrosis were found in the thin-walled, dilated aorta without rupture. An organizing 
thrombus partially occluded the right and left common iliac arteries. The heart weighed 375 
grams; minimal evidence of coronary atherosclerosis was present. There was no cardiac hyper- 
trophy or dilatation. Despite an intensive search, no gross or microscopic evidence of myocardial 
damage was found. 


*Courtesy of Dr. J. B. Schwedel. 
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Comment.—The left precordial and standard lead QR pattern and S-T 
segments were characteristic of acute myocardial infarction. In this patient the 
metabolic insult of shock, possibly related to adrenal insufficiency, associated 
with pulmonary disease and minimal coronary atherosclerosis produced an 
electrophysiologic picture identical with infarction. Despite the persistence of 
these changes for more than 48 hours, no histologic changes were demonstrable 
in the myocardium. 


CasE 3 (Montefiore Hospital #68932).—B. G. was a 44-year-old white woman admitted to 
Montefiore Hospital for the sixth time on July 7, 1957, with anterior chest pain and tachycardia, 
The patient had had known rheumatic heart disease with mitral insufficiency and mitral stenosis 
for many years. At the age of 6 years she had had one episode of rheumatic fever, but no overt 
recurrences or symptoms of cardiac disease during the succeeding years. Eight years prior to 
admission, a hysterectomy was performed for uterine fibroids; the ovaries were not resected. Dur- 
ing the next 5 years she had intermittent ulcer-type symptoms and a radiologically demonstrable 
duodenal ulcer. These symptoms were refractory to medical therapy and required hospitalization 
for control. Three years prior to this admission, a subtotal gastrectomy was performed. One and 
one-half years later she was again hospitalized with recurrence of her symptoms and underwent 
transthoracic vagotomy. Cardiac evaluation prior to this operation revealed 2-3+ left atrial 
enlargement, 1+ right ventricular enlargement, and “P mitrale’’ on the electrocardiogram. There 
were no symptoms of cardiac disease. During vagotomy, direct pressure measurements of the 
left atrium and pulmonary artery were obtained through an incision in the pericardium. The 
pressures were normal. although the tracings were indicative of significant mitral insufficiency. 
Other laboratory studies revealed occasional mild glycosuria on an uncontrolled diet, associated 
with normal fasting blood sugars suggesting latent diabetes mellitus. 

Four months following vagotomy and pericardiotomy, the patient developed intermittent 
nonpleutitic anterior chest pain which responded to steroid therapy. Severe chest pain recurred, 
associated with fever and paroxysmal atrial fibrillation, and she was readmitted on July 8, 1956. 
A few hours after admission she developed right femoral arterial occlusion; complete return of 
peripheral pulsations followed prompt embolectomy. Two days later, a similar episode, preceded 
by a brief period of palpitation, occurred in her left leg. At the time of exploration no embolus 
was found, although severe spasm, presumably related to a more distal embolus, was present. 
Pulsations in the left leg gradually returned during her stay in the hospital. Anticoagulant therapy 
was instituted. The fever persisted, and the diagnoses considered were: subacute bacterial en- 
docarditis, multiple bland peripheral and pulmonary emboli, acute rheumatic fever, and post- 
pericardiotonty syndrome. Although the blood cultures were negative, Staphylococcus albus 
hemolyticus was cultured from the embolus removed at operation. This was considered to be 
sufficient indication for institution of intensive antibiotic therapy for a period of 3 weeks. Although 
a variety of agents were used, the fever persisted. The diagnosis of subacute bacterial endocarditis 
seemed unlikely in the presence of continuing fever. For this reason, steroid therapy was rein- 
stituted, with striking improvement. An electrocardiogram on July 24, 1956 (Fig. 3) was within 
normal limits. The patient was discharged on Aug. 21, 1956, on maintenance doses of prednisone 
and quinidine. 

Steroids were gradually withdrawn during the succeeding 8 months, and the patient was well 
until July, 1957, when the recurrence of fever, paroxysmal atrial fibrillation, and anterior chest 
pain necessitated readmission to Montefiore Hospital. Electrocardiogram at this time (Fig. 3, 
July 8, 1957) showed deep Q waves and negative T waves in Leads I, aV_ V2, and Vi4-«. The 
tracing on the following day (Fig. 3, July 9) showed significant Q waves in Leads I, II, and aV1. 
Q waves, decreased in amplitude and duration, were present only in Leads V;-s. The rhythm 
varied between normal sinus and atrial flutter and atrial fibrillation. The serum glutamic-oxalace- 
tic-transaminase was significantly elevated on the third hospital day. Clinical and radiologic 
evidence of pulmonary congestion developed, and the patient required digitalis. Serial electro- 
cardiograms taken on July 12, 18, and 31, disclosed only normal Q waves in Leads V4-¢. A sus- 
piciously abnormal Q wave remained in Lead V2. Anticoagulant therapy was also administered. 


—> TRANSITORY Q WAVES WITHOUT MYOCARDIAL INFARCTION 69 


Recovery was uneventful. Digitalis was discontinued prior to discharge. She has been maintained 
on quinidine and anticoagulants and has been well up to the present time. The diagnosis was 
myocardial infarction, possibly secondary to coronary embolism. 


Comment.—In contrast to the first two patients, this patient presents a 
problem frequently encountered in clinical practice, i.e., the size of an infarct 
apparently decreases rapidly, as evidenced by a decrease in area of an abnormal 
precordial Q wave. The most reasonable explanation for this change is that the 
marginal Q wave in such instances represents only severe ischemia of the involved 
myocardium. Evidently a sufficient metabolic stress was present to produce 


Fig. 4.—Case 4. A, 2-24-58: There are abnormal Q waves present in Leads I, aV, and V; through 
V4, low multiphasic QRS complexes in Leads V; and V¢, and S-T segment elevation in Leads I, aVL, and 
V2 through Vz. There is S-T depression in Leads II, III, and aVr. B, 2-27-58: The Q waves are decreased 
in size in Leads I, aVi, and V4. The abnormal Q waves remain in Leads I, II, and III. The T waves are 
inverted in Leads I and aVL. S-T depression and slight T-wave inversion are present in Leads V4 through 
Vz. C, 3-5-58: The Q wave has entirely disappeared from Lead V4, although still present in Leads V; 
through V3. Only a small q wave is present in Leads I and aV-. A deeply inverted T wave is present in 
Leads I, aVi, and V; through V7. 
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temporary electrophysiologic inactivity, but not enough to cause irreversible 
change. Even in the case of frank myocardial infarction with recovery, the 
electrocardiographic picture of infarction in the marginal zone may disappear. 


Case 4.*—H. M. was a 48-year-old white man who had been in good health until 1 week before 
admission, when he developed intermittent substernal and epigastric pain. On Feb. 24, 1958, 
a severe episode of epigastric pain occurred; the pain radiated to the chest and was associated with 
pallor, extreme weakness, and profuse diaphoresis. Shortly after the onset of the attack, the 
patient was seen by a physician who found the blood pressure unobtainable, the pulse rapid 
and thready, and the heart sounds distant. During the examination, the patient had a convulsive 
seizure which was followed by a period of apnea. He resumed spontaneous breathing after a 
short period of artificial respiration. 

On admission to the hospital, the temperature was 101°F. The blood pressure ‘was maintained 
at the level of 85/60 mm.Hg by a constant infusion of norepinephrine. A transient pericardial 
friction rub was heard for a few hours. There was no evidence of pulmonary congestion, and the 
remainder of the physical examination was normal. The electrocardiogram on admission (Fig. 
4, February 24) showed an abnormal Q wave in Leads I, aV1, and V,-V,, low multiphasic QRS 
complexes in Leads V;-.., and S-T segment elevation in Leads I, aVi, and V2... 

The patient was given anticoagulants, heparin and Dicumarol, and norepinephrine was 
discontinued 24 hours after admission. On the third hospital day (February 26) he developed 
auscultatory and radiologic evidence of increasing pulmonary edema, which responded to oxygen 
therapy and sedation. On March 5, fever developed and rales were noted in the left lower lobe. 
A coagulase-positive Staphylococcus aureus was cultured from the sputum. Improvement followed 
3 days of treatment with penicillin and streptomycin. Anticoagulants were discontinued after 3 
weeks. The patient was ambulated and discharged on the twenty-second hospital day. 

A repeat electrocardiogram on February 27, 3 days after admission, showed a marked de- 
crease in depth and width of Q in Leads I and aV_, disappearance of the Q waves in Lead V,, 
and increased height of R in Leads V..5. The tracing of March 5,9 days after admission, showed 
further increase in the size of the R waves in Leads V4... Persistent deep Q waves remained in 
Leads and 


Comment.—This clinical picture is similar to that of Case 3. Myocardial 
infarction had apparently occurred by the time of admission on Feb. 24, 1958. 
Within 3 days the area of the Q wave in the precordial leads decreased, associated 
with an increase in amplitude of the R wave, indicating the presence of some sur- 
viving muscle tissue in these regions which had been only transiently affected 
by the initial ischemia. Some of this muscle must therefore have been temporarily 
electrically inactive only during the initial period of ischemia. 


DISCUSSION 


Both experimentally and clinically, S-T and T-wave changes occur within 
seconds or minutes after the onset of acute myocardial ischemia.'° It is accepted 
clinical experience that Q-wave changes appear significantly later than S-T 
and T-wave abnormalities.!! The early appearance of Q waves in the experiment 
of Bayley and La Due, as well as the reduction in amplitude of the intrinsic de- 
flection in the experiments of Johnston,!° are, however, contrary to this concept. 
It may be that S-T and T-wave abnormalities occur quickly in the presence of 
ischemia because only a small portion of the myocardium need be involved. In 
addition, since the S-T segment is normally isoelectric, minor deviations (“injury 


*Courtesy of Dr. Armand Gruenwald. 
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current’) are more readily apparent. The situation regarding abnormalities of 
the QRS complex is probably quite different. Even small islands of electrically 
active myocardium may produce a sufficiently positive initial vector force in 
depvlarization to prevent the early development of a Q wave. A Q wave will 
not appear until a depth of subjacent myocardium becomes sufficiently homo- 
gencously ischemic to alter the direction of the initial 0.04-second vector in this 
area. Clinically, where ischemia has been severe and prolonged so as to produce 
a “‘homogeneity”’ of metabolic insult, irreversible myocardial changes occur and 
the Q wave can be correlated with an infarct. It may be possible that an intense 
‘thomogeneous’”’ (but reversible) ischemia over a short period of time can produce 
Q waves without anatomic evidence of infarction. 

The concept of coronary insufficiency’ denotes a syndrome intermediate 
between myocardial infarction and angina pectoris. Alterations in the S-T seg- 
ment and T wave secondary to ischemia usually revert to normal within a few 
hours or few days and are unaccompanied by laboratory or clinical evidence of 
myocardial necrosis. The appearance of an abnormal Q wave was not believed 
to occur in episodes of this type. Roessler and Dressler, however, report an 
instance of “‘significant precordial Q waves’’ during an anginal episode; these 
were not recorded on a subsequent tracing 2 days later. The development of a 
significant Qy; following an acute asthmatic attack, and the gradual return of 
an R wave during a period of 5 to 10 days of observation, is reported by Rosenfeld, 
Silverblatt and Grishman.* The changes, they believed, were related to positional 
factors and coronary insufficiency. Abnormal Q waves were reported during 
episodes of hyperpotassemia by Nora and Pilz." These Q waves disappeared 
following return of levels of serum potassium to normal. 

In each of the four cases summarized in this report, a severe metabolic 
stress occurred, sufficient to cause a profound disturbance of myocardial function. 
Significant Q waves were present initially in each instance. In Case 1, the ab- 
normal Q waves disappeared within 5 days, with no evidence of infarction at 
autopsy 3 weeks later. The major metabolic stresses were probably hypoglycemia, 
anemia, and ischemia. In Case 2, despite the presence of abnormal Q waves, no 
histologic evidence of myocardial infarction was present 48 hours after the onset 
of the acute episode. The major metabolic stresses in this patient were shock 
and possibly adrenal insufficiency. Definite myocardial infarction was present 
in Cases 3 and 4. The rapid decrease in the area of abnormal precordial Q wave 
suggests that a significant amount of myocardium was only reversibly affected 
by the occlusive coronary artery disease. These patients probably had a central 
area of myocardial infarction surrounded by a zone of severe but reversible 
myocardial ischemia. 

The basis for the development of abnormal Q waves with and without myo- 
cardial infarction is the same. A metabolic disturbance produces an area of 
electrophysiologically inert heart muscle. Such tissue fails to produce any sig- 
nificant contribution to the vector of depolarization. It is true that the occurrence 
of abnormal Q waves in the total absence of any myocardial necrosis is uncommon; 
Cases 1 and 2 are exceptions. Cases 3 and 4 demonstrate that the same mechanism 
is also operative in typical acute myocardial infarction. A lessening of the severity 
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of the metabolic stress in peripheral areas of this acute process enables islands 
of myocardium around an infarct to recover and to resume electrical activity. 
For this reason, during the early acute phase, it may be impossible to state 
whether a pathologic Q wave is due to a reversible or irreversible disturbance 
of heart muscle; the correct diagnosis may then rest on the serial electrocardio- 
graphic changes and/or laboratory evidence of tissue necrosis. 


SUMMARY 


1. Two examples are presented of significant Q waves in the electrocardio- 
grams in the absence of myocardial infarction on postmortem examination. 

2. Two additional examples are presented of a significant diminution in 
the area of abnormal precordial Q wave occurring within several days following 
definite myocardial infarction. 

3. Q waves may be transiently present when a metabolic insult is severe 
enough to produce electrophysiologic abnormalities of the myocardium unas- 
sociated with anatomic changes. These changes may be reversible despite their 
persistence over a period of several hours to several days. 
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Experimental and Laboratory Reports 


Ventilatory Air Pressure and Pulmonary Vascular Resistance 


M. Harasawa, M.D., D.Med.Sc., and S. Rodbard, M.D., Ph.D., Buffalo, N. Y. 


Three concepts have been proposed to explain observed acute changes in the 
pulmonary vascular resistance in the normal lung. One thesis is that the pulmonary 
arterioles behave essentially like those of the systemic circuit, controlling blood 
flow by active vasoconstriction.'! Another theory has held that the normal 
pulmonary vessels, being poorly endowed with muscle and giving little direct 
evidence of vasoconstriction, are passive. Hemodynamic effects are thus viewed 
as the mechanical results of the relative performances of the right and left ventri- 
cles.* A third point of view is that the mechanisms controlling intrapulmonary 
air pressure may contribute to pulmonary vascular regulation.‘ 


Recent studies have demonstrated that changes in pulmonary blood pressure 
on induction of hypoxia’ or the administration of aminophylline or tetraethylam- 
monium® may be attributed entirely to variations in pulmonary blood flow 
rather than to modulations of arteriolar tone. These findings support the vascular 
passivity concept and obviate the need to ascribe changes in pulmonary arterial 
pressure to pulmonary vasomotion. 


Disturbances of function of either heart or lung usually present themselves 
clinically as disorders of both cardiac function and respiration. The critical 
position of the lung between the two cardiac pumps would suggest the physiologic 
value of some type of pulmonary vascular regulation. Such regulation might 
assist in reducing the tendency to dependent congestion and edema, which may 
result from the hydrostatic differences in elevation of the several portions of the 
lungs,? and the resultant tendency for unequal distributions of gas and blood 
flow in the channels of this organ. 


We have previously suggested that some aspects of the regulation of the 
normal pulmonary circulation may be determined by intrapulmonary air pressure, 
which in turn may be controlled by variations in the lumen of the airways.‘ 
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Thus, in normal inspiration, intrapulmonary air pressure falls and decompresses 
the lung capillaries; blood may then flow through the lungs at a reduced resistance. 
In normal expiration, the slight increases in intrapulmonary air pressure may 
compress the pulmonary capillaries and increase vascular resistance. These 
effects become more apparent in the disturbed ventilatory patterns of left heart 
failure; in emphysema they may be very marked. These respiratory disturbances 
are represented in part by oscillations in the systemic and pulmonary arterial 


pressures.*:® 

The richly developed musculature of the bronchi and bronchioles is an- 
atomically in a position to vary the resistance to pulmonary air flow and, thereby, 
to affect the air pressure.'® Techniques which have been developed in this labora- 
tory for the direct evaluation of bronchomotor activity will be reported separately, 
However, some of the potential effects may be measured directly during positive- 
pressure breathing. Edwards." Carlill,” Williams," Weil,'* and their co-workers 
found that positive-pressure ventilation increased the pulmonary vascular 
resistance in isolated animal lungs so that the perfusion pressures had to be raised 
to maintain flow. Similar results have been reported on animals which have under- 
gone thoracotomy.-!® 

The present studies were undertaken to estimate the degree to which the 
pulmonary vascular resistance is affected by various insufflation pressures. 


METHODS 


Anesthesia was induced by intravenous pentobarbital sodium (30 mg. per kilogram) in 15 
dogs which weighed from 9 to 22 kilograms. After tracheotomy, a catheter was inserted in the 
trachea. The thorax was opened, the fourth rib was removed, and the lungs were ventilated with 
adjustable positive pressure using a pneophore.* To provide continuous measurement of the 
pulmonary blood flow, direct-reading rotameters were inserted into the two main branches of the 
pulmonary artery. Blood pressures in the pulmonary and the carotid arteries, and heart rates 
were recorded continuously on a Sanborn electromanometer. 

Intermittent positive-pressure insufflation was varied between 8 and 30 mm. Hg, using either 
compressed air, pure oxygen, or a mixture of 95 per cent oxygen and 5 per cent carbon dioxide. 
No significant differences among these gases were observed. During expiration, the gas escaped 
passively from the lungs to the atmosphere. 


RESULTS 


1. Uniform Bilateral Insufflation.—The inspiratory air pressure of both lungs 
was raised by 8, 15, or 22 mm. Hg above the previous control values (8 mm. Hg) 
in 60 experiments on 8 animals. The average results obtained are shown in Fig. 1. 
When the insufflation pressure was held at control values, no significant changes 
in pressure or vascular resistance were observed for periods up to 20 minutes. 
The resistance always returned to the basal values after the insufflation pressure 
was reduced to the control level. Heart rates remained unaffected. For each in- 
crement of 8 mm. Hg of insufflation pressure, the mean pulmonary diastolic 
arterial pressure increased about 2 mm. Hg, and the systolic pressure first in- 
creased and then fell (Fig. 1). With each rise in air pressure, the pulmonary 


*Mine Safety Appliance Co. 
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vascular resistance was augmented at once, achieving a new stable state within a 
few seconds. The pulmonary blood flow fell progressively to about 80 per cent of 
control value as the inflation pressure was increased to 22 mm. Hg above control 
leve!. In all experiments but one, this reduction in flow was shared almost equally 
by the two lungs. 
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Fig. 1.—Effect of bilateral insufflation on pulmonary vascular resistance, in mm. Hg per liter per 
minute (top line), total blood flow, in liters per minute (second line from top), and the distribution of 
this flow between right and left lungs (third and fourth lines). The pulmonary arterial pressure (Ppa) 
during insufflation and expiration is given; the shaded area represents the oscillation in pressure between 
the two phases. The diastolic pressure is handled similarly, and the mean pressure is given between the 
systolic and diastolic values. The changes in carotid arterial pressure (carotid) as insufflation pressure is 
changed is given in the bottom three lines, which are connected by shading. 


2. Unilateral Insufflation.—In an attempt to diminish the effects of the 
reduction in blood flow noted previously, and to seek a more sensitive index 
of vascular changes, insufflation pressure of one lung was varied from 8 to 30 
mm. Hg; at the same time, that of the other lung was kept constant at 15 mm. 
Hg. This was accomplished by insertion of a Dale-Rahn double-lumen catheter?® 
into one main bronchus. Fig. 2 shows the results in 56 trials in 7 animals. For a 
rise in insufflation pressure of 22 mm. Hg, above control level, the systolic, 
mean, and diastolic pulmonary arterial pressures increased in all instances, 
averaging 5, 4, and 5 mm. Hg, respectively, in 14 experiments. Blood flow through 
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the lung diminished significantly in every instance with the higher inflation 
pressures. Blood flow through the less inflated lung increased only slightly; full 
compensation did not take place. Examination of the lungs showed that hyper- 
inflation of one lung compressed the other lung and thus introduced an unexpected 
effect, increasing the resistance in this lung as well. The reduction in blood flow was 
tess marked than when both lungs were subjected to the increased insufflation 
pressure. The results showed that the calculated pulmonary vascular resistance 
increased appreciably in the lung subjected to higher air pressures. The control 
lung was apparently affected indirectly by compression, but not to the same 
extent as was the experimental lung. 

As with the experiments in which both lungs were insufflated, these data, 
obtained by using large intrapulmonary air pressures in one lung, showed rela- 
tively small effects on the pulmonary arterial pressure and on the total pulmonary 
vascular resistance. 

3. Phasic Changes.—The ventilatory oscillations of the pulmonary blood 
flow and arterial pressure became more evident as insufflation pressure increased. 
The float of the flowmeters in the pulmonary arteries fell slightly during in- 
sufflation, indicating a reduced flow; on expiration, the float returned to its 
previous level. Exact flow measurements could not be obtained, and hence, 
a mean value for flow during the entire respiratory cycle was used. The phasic 
changes in the pulmonary arterial pressure could be measured more exactly. 
As the inspiratory air pressure was raised from basal levels of 8 to 30 mm. Hg, 
the oscillations increased from 3 to 8 mm. Hg in both systolic and diastolic 
pulmonary arterial pressures. The changes in vascular resistance, based on the 
phasic variations of the pulmonary arterial pressure, are suggested in Fig. 3. 
The actual variations in resistance were probably somewhat greater than those 


shown. 


DISCUSSION 


The results indicate that positive-pressure insufflation of the lungs produces 
specific effects on the pulmonary vascular resistance. During each insufflation 
the diastolic pressure increased in proportion to the air pressure, whereas the 
systolic pressure increased to a lesser extent. During the succeeding passive 
expiration the intrapulmonary air pressure fell toward atmospheric values, and 
the pulmonary arterial pressures also fell but to a lesser extent. Unilateral lung 
insufflation gave essentially similar results. The oscillation of the pulmonary 
arterial pressure was, therefore, clearly related to rising and falling intrapulmonary 
air pressure. 

During insufflation of the lungs, pulmonary blood flow was reduced, which 
suggested that the heightened pulmonary vascular resistance caused blood to 
accumulate in the right heart and systemic veins. We attempted to obviate these 
effects by the use of unilateral lung insufflation, but complete compensation 
was not achieved. These effects, not germane to the present discussion, are under 
analysis and will be reported separately. 

Raising of the intrapulmonary air pressure to a given value increased the 
pulmonary vascular resistance to a significantly lesser degree. This may have 
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Fig. 2.—Effect of unilateral insufflation on pulmonary dynamics. The resistance in the insufflated 
lung increases in linear fashion, whereas that in the control lung increases to a lesser extent. The total 
flow, in liters per minute (third line from top), falls, but to a lesser extent than in bilateral insufflation 
(see Fig. 1). Flow through the insufflated lung decreases progressively, whereas that through the control 
lung increases slightly. The systolic, mean, and diastolic pulmonary arterial pressures (Ppa) increase 
with higher insufflation pressures. 
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Fig. 3.—The effect of insufflation pressure, given in mm. Hg, on the calculated pulmonary vascular 
resistance, given in mm. Hg/liter/minute. Discussed in text. 
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resulted because the increased flow through the lungs during the expiratory 
drop in intrapulmonary air pressure diminished some of the obstructive effects 
present during insufflation. In clinical conditions such as emphysema, a similar 
masking of the resistance induced by high expiratory air pressures may also 
result from a relative ease of passage of blood through the lungs during inspiration. 
These modifying effects of the cyclic variations in air pressure are now under 
investigation; the data will be presented separately. 

The increased resistance to flow in regions with air entrapment, such as may 
occur in emphysematous blebs, may shunt blood away from these segments and 
thereby serve to increase the efficiency of the ventilatory apparatus as a whole. 


The specific vascular bed responsible for the increase in pulmonary vascular 
resistance during the application of intrapulmonary air pressure has not been 
defined experimentally. The increase in pulmonary vascular resistance is affected 
but little, if at all, by elongation of the lung vessels during inflation of the lungs. 
Data in animals”! and in man” suggest a very slight increase in resistance during 
normal inspiration. However, in our experiments, the more marked increase in 
resistance which was due to insufflation probably reflects the direct compression 
of some of the pulmonary vessels. 

Since the chest was open in the present study, the resistance during insuffla- 
tion cannot be attributed, to any significant extent, to compression of the large 
intrathoracic vessels. It is unlikely that the large and medium pulmonary arteries 
are continuously compressed by intrapulmonary air pressure, since the systolic 
and mean pressures in these vessels are higher than the compressing pressure 
during at least a part of the respiratory cycle; during insufflation the compression 
drops toward zero. Compression of the pulmonary venules or veins would quickly 
produce pulmonary capillary congestion and edema; since this did not occur, 
the possibility of such compression is not great. The fact that positive-pressure 
breathing is specific therapy for pulmonary edema is also an argument against 
the pulmonary venous locus. Furthermore, the veins tend to lie on the surface 
of the lobules, where compression is obviated. The primary sites of the increased 
vascular resistance in the lungs brought about by an increased intrapulmonary air 
pressure would, therefore, appear to reside in the alveolar capillaries. These 
thin-walled vessels are necessarily exposed to the full effects of intrapulmonary air 
compression. These considerations suggest that factors affecting intra-alveolar 
air pressure may affect the pulmonary vascular resistance and, thereby, play a 
significant role in the regulation of the pulmonary circulation. Related studies now 
being prepared for publication evaluate these effects on a more quantitative basis. 


SUMMARY 


The effects of various inspiratory air pressures on the pulmonary vascular 
resistance of 15 dogs which had undergone thoracotomy were examined in 116 
experiments by simultaneous measurement of pulmonary arterial flows and 
pressures. Inspiration was produced by positive-pressure insufflation; expiration 
was produced by the passive fall of air pressure toward ambient levels. In some 
experiments, variations in the inflation pressures of the two lungs were tested. 
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\s inspiratory air pressure was raised from 8 to 30 mm. Hg, the blood flow 


sigh the lungs decreased, and the pulmonary arterial pressure increased, 


which indicates an enhanced pulmonary vascular resistance. The site of this 
increase is considered to be at the pulmonary capillary. 


The implications of these findings in the physiologic regulation of the pul- 


monary circulation are discussed. 
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A Simple Improved Triangular Reference Frame for Determination of Frontal 


Plane Vector Angles From Limb Lead Data 


R. C. Jordan, D.Sc., Ph.D., M.R.C.S., L.R.C.P., and F. W. Beswick, M.B., Ch.B. 
Cardiff, Wales 


Since the fundamental work of Burger and van Milaan!'~ first focused atten- 
tion on the inadequacy of the classic equilateral triangle of Einthoven, Fahr and 
de Waart* for the representation of RLF plane cardiac electric phenomena, sev- 
eral other groups of workers have confirmed and extended their concept which 
requires that the standard limb lead vectors shall be represented in magnitude 
and direction by the sides of a scalene, rather than an equilateral, triangle. 

The original Burger configuration was formulated as a result of a theoretical 
consideration of the interrelation of heart vectors and lead vectors, verified by 
insertion of an artificial ‘‘heart’’ into a model torso, and consisted of a triangle 
the ratios of whose sides were I : II : III :: 1.0 : 1.8 : 2.2, with Lead I inclined 
to the subject’s left at an angle of 18° above the horizontal. This triangle was 
subsequently applied by Zao, Herrmann and Hejtmancik® to analysis of the 
clinical electrocardiogram and designated ‘‘the average Burger triangle.” Al- 
though it is generally admitted that each individual should be characterized by 
his own particular variant of the Burger-type figure, and, consequently, that 
there is likely to be a normal (Gaussian) distribution of variants about a “mean 
triangle,’’ there is little evidence to support the claim of Zao and associates that 
the above triangle is, in fact, the true average reference frame. 

Wilson, Bryant and Johnston® utilized the lead vector concept in studies 
on the living human subject in which low-frequency alternating currents were 
introduced into the thorax by paired electrodes placed on the surface. From 
their data they constructed RLF plane scalene reference triangles which varied 
in shape according to the location of the applied dipole but which approximated 
the original Burger triangle when the dipole center was placed 4 to 5 cm. to the 
left of the mid-sternal line. 

The lead vector concept was related by McFee and Johnston’ and Brody 
and Romans’ to the lead field. By applying the reciprocity theorem of Helmholtz, 
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they showed that the lead vector for any given lead could be investigated by 
impressing an external potential difference on its component surface electrodes. 
The direction of the current flow-lines through the heart indicated the direction 
of the lead vector, and the density of the isopotential lines gave a measure of 
the vector magnitude. 

By mapping the isopotential lines on the living body surface when each of 
the Einthoven lead pathways was energized with square wave impulses of 1 milli- 
ampere of direct current, Brody, Erb and Romans’ studied the lead vectors for 
each of six subjects. Their results confirmed that, although there is individual 
variation, the standard limb lead vectors are best represented by the sides of a 
scalene triangle. These authors also concluded that the plane of such a triangle 
differed so little from the anatomic frontal plane that, for practical purposes, 
they could be considered as identical. 

Although there is overwhelming evidence to support the validity of a scalene, 
rather than an equilateral, triangular reference frame for the more accurate 
representation of the RLF plane electric phenomena, and Brody'® has shown 
how to transform the Burger type of triangle into a coordinate system which 
obeys the Einthoven law, the inherent geometric difficulties involved in plotting 
on such a figure have prevented its routine clinical application. 

Obviously, the ideal would be a reference frame which combined accurate 
assessment of frontal plane vectors with simplicity in use. Such a solution could 
be attained either by designing special theoretically satisfactory orthogonal 
leads, so that plotting of projections could be carried out on rectangular co- 
ordinates, or by devising a triangular system which possessed the same (or a 
greater) degree of simplicity as the Einthoven equilateral but which gave more 
accurate frontal plane vector angles from limb lead data. 

In a previous study!" we had obtained from each of a large group of normal 
individuals, parallel observations on RLF and true frontal plane vectors, using 
the standard limb leads and orthogonal lead field electrode placements, respec- 
tively. On comparison of the two sets of results the most striking feature was a 
greatly increased apparent QRS-T angle when this was determined from the limb 
lead data plotted on the Einthoven triangle. This divergence could be accounted 
for on the assumption that, in fact, the RLF plane differed markedly from the 
lead field frontal plane, causing a spurious rotation of; the QRS and T vectors 
about a longitudinal axis, or from the use of an inappropriate reference frame 
for plotting the limb lead results. The first of these alternatives is unlikely to be 
true, in view of the conclusion of Brody and associates quoted above, and we 
were led, therefore, to investigate the effects on RLF plane vectors of alteration 
in the shape of the triangular reference frame. From these investigations, the 
results of which have been presented in the preceding paper,” it was apparent 
that it is possible to construct a triangle which would produce, from limb lead 
data, vector angles which more nearly correspond to the lead field frontal plane 
values than do those given by either the Einthoven or the so-called ‘‘average 
Burger’’ triangle. But in order that such a reference system should be of practical 
utility, it must obviously possess the virtue of simplicity in shape, to facilitate 
plotting. 
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A further aspect to be considered in devising a more adequate reference 
frame is the probability that the heart dipole center varies in location with the 
phases of the cardiac cycle, and that, therefore, a frame which is appropriate to 
depolarization will not, in general, be appropriate to repolarization. In con- 
sequence, it is probable that the ideal average triangle for calculation of QRS 
vectors will differ from that necessary for T. 

The purpose of the present investigation was to produce the most satis- 
factory reference frames for both QRS and T by which limb lead data could be 
made, with the greatest ease, to yield vector angles corresponding to the lead 
field frontal plane values. 
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Fig. 1.—Proposed new right-angled isosceles triangular reference frames for determination of QRS and 
T frontal plane vector angles, with their corresponding hexaxial systems. 


METHOD AND RESULT 

When one is attempting to construct a satisfactory triangular reference system for general 
clinical application, certain fundamental considerations, in addition to simplicity, must first 
receive attention. Among these are that the sides of the triangle should correspond to the probable 
characteristics of the lead field through the heart, as emphasized by McFee and Johnston, and 
that, in any individual, the vector angle should have the same value whichever pair of standard 
limb leads is employed for its derivation. The proposed triangle should also yield for each subject 
vector values which agree as closely as possible with those of the true frontal plane, which in 
this study has been assumed to coincide with the lead field plane. 
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Fig. 2.—Showing the relation between lead projection ratios and the vector angles for QRS (bottom scale) 


and T (top scale) derived from the proposed right-angled isosceles triangular reference frame. 
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Fig. 3.— Showing the relation between the vector angle as derived from the proposed right-angled 


isosceles triangular reference frame and the corresponding Einthoven triangle value. 


60 
190 
ABE 
AGERE 
ro 
ral ii.” 
st aos 
ble 10 
rd 
ct 
in 


— Am. Heart J. 
84 JORDAN AND BESWICK Fuly: 1906 


With these criteria in mind, many triangular configurations have been investigated, and it was 
finally decided that the right-angled isosceles triangle shown in Fig. 1,A, in which the ratios of the 
sides are I : II : III :: 1.0 : 1.0: 1.4, was the best approximation to satisfy the above conditions for 
QRS vectors. The calibrated hexaxial reference frame for this triangle is also shown in Fig. 1, 
Lead I Lead I Lead II 
Lead II’ Lead III’ “"° Lead 
its corresponding vector angle as calculated by the methods employed in the preceding paper.” 
The relation between the vector angle for any lead ratio as given by this right-angled isosceles 
triangle and the corresponding angle on the Einthoven triangle is illustrated in Fig. 3. 

In Table I the lead field frontal plane QRS vector angles for 47 normal male subjects are 
compared with those derived from the proposed new triangle. Statistical analysis demonstrated 
that the difference produced in each individual by these two reference systems was not significant, 
but comparable differences between the lead field and Einthoven, and lead field and “average 
Burger” triangles, respectively, were highly significant. 

Examination of the vector angles yielded by each of the three pairs of leads for each of the 
triangles referred to in Table I confirmed the superiority of the right-angled isosceles figure, since 
the angles obtained from all three pairs of leads in that case were the most nearly identical. 


and the curves in Fig. 2 relate each of the limb lead ratios 


TABLE I. COMPARISON OF THE QRS VEcTOR ANGLES FOR 47 NORMAL SUBJECTS OBTAINED FroM 
THREE TRIANGULAR REFERENCE FRAMES WITH THOSE DERIVED BY THE 
LEAD FIELD ORTHOGONAL TECHNIQUE 


LEAD FIELD 
Mean QRS vector angle 59° 
S.D. 15 
EINTHOVEN RIGHT-ANGLED “‘AVERAGE BURGER’ 
TRIANGLE | ISOSCELES TRIANGLE TRIANGLE 
= 
Mean ORS vector angle 67° | 59° 45° 
S.D. | 19 | 15 | 19 
Mean difference for each subject | 
from lead field value +8° | +0.4° — 14° 
S.D. | S| 12 | 14 
t 3.4 0.2 6.2 
<0.01 | 0.8-0.9 | «0.01 


The practical utility of the new reference frame can be illustrated as follows. From conven- 
tional standard limb lead scalar records the magnitudes of any pair of leads are determined by 
algebraic summation of heights of (or, preferably, areas enclosed by) the QRS complexes as cus- 
tomarily performed for estimation of the classic “electric axis” of Einthoven. From the ratio of 
these magnitudes the required frontal plane angle can be obtained by inspection of the appro- 
priate curve and scale in Fig. 2. 

A simple alternative method applicable only to Leads I and II, since these are of equal 


lead vector magnitude and are separated by a right angle, is to determine from mathematical 
. Lead I 
tables the angle whose cotangent is numerically equal to the lead ratio er and to subtract 
ea 


12° therefrom. The same result is, obviously, obtained by plotting the lead magnitudes on rec- 
tangular coordinates and subtracting 12° from the resultant vector angle. 

As an example, suppose the magnitude of Lead I to be +8 units and of Lead II to be +16 
units, i.e., a ratio of +0.5. Then, from Fig. 2 the corresponding frontal plane vector angle is seen 
to be 51°. The angle whose cotangent is 0.5 is 63°, which minus 12° equals 51°, and, finally, these 
magnitudes plotted on the Einthoven triangle give a vector angle of 60°, which, from Fig. 3, 
corresponds to a frontal plane angle of 51°. 
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\s suggested above, the most satisfactory frame for calculation of QRS vectors will not, 
in general, be the best for T. However, it was found that the simple expedient of rotating the same 
right-angled isosceles triangle clockwise through 16°, as shown in Fig. 1,B, produced a reference 
frame for T which gave values in very close agreement with those of the lead field technique. 

Consequently, the frontal plane T vector angle is obtained from standard limb lead data by 
reference to the appropriate curve and scale in Fig. 2 or, for Leads I and II, by inspection of the 
cotangent table and addition of 4° to the ascertained angle. Alternatively, if the Einthoven 
triangle vector angle for any pair of leads is already known, the frontal plane angle can be obtained 
directly from Fig. 3. 


DISCUSSION 

Any reference frame for general application to the determination of QRS 
frontal plane vector angles from limb lead data must, of necessity, be a compro- 
mise, since each individual subject possesses his own peculiar cardiac electric 
characteristics. Nevertheless, some reference frame is required for routine clinical 
purposes, but the conventional triangle of Einthoven is now known to be unsatis- 
factory. 

The right-angled isosceles triangle proposed above has the virtues of being 
simpler in use than the equilateral while giving better over-all agreement for both 
QRS and T with the true frontal plane angles for the 47 subjects studied. 

It is apparent from Table I and Fig. 4 that this isosceles triangle is inter- 
mediate between the equilateral and Burger scalene configurations and, whereas 
it is the best reference frame for the majority of individuals, a few may be ex- 
pected, because of chance variation, to be better fitted by the Einthoven triangle, 
on the one hand, or the ‘‘average Burger’’ triangle, on the other, and a small 
minority by a more extreme form of scalene figure. In fact, of our subjects, 28 
were best fitted by the new triangle, and the remainder were distributed on either 
side, as illustrated in Fig. 4. A similar distribution was obtained with respect to 
the T vectors. 
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Fig. 4.—Showing the frequency distribution among 47 normal male subjects of the triangular 
reference frame which gave the best agreement between RLF plane and lead field frontal plane QRS 
vector angles. 
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Although the proposed isosceles reference frame resulted from a comparative 
study of standard limb lead and lead field orthogonal scalar electrocardiographic 
data, it is of interest to note that its shape is very similar to that constructed by 
Wilson, Bryant and Johnston® from their results when the artificial dipole was 
located 5 cm. to the left of the mid-sternal line in the fourth intercostal space, and 
to the mean triangle which can be deduced from the surface isopotential lines 
of Brody, Erb and Romans.® The respective lead vectors for these three triangles 
are compared in Table II. 


TABLE II. COMPARISON OF THE LEAD VECTORS FOR QRS REPRESENTED BY THE SIDES OF THE 
PROPOSED RIGHT-ANGLED ISOSCELES TRIANGLE AND TWO EXPERIMENTALLY 
DEDUCED TRIANGULAR REFERENCE FRAMES 


RELATIVE MAGNITUDES ANGLE ANGLE 


BETWEEN BETWEEN 
| LEAD I AND LEAD I AND 
LEAD I LEAD II | LEAD III | LEAD II HORIZONTAL 
Proposed right-angled isosceles 
triangle 1.0 1.0 1.4 | 90° —12° 
Scalene triangle of Wilson 
and associates 1.0 ua 1.6 91° —19° 
Scalene triangle of Brody 


and associates 1.0 1.1 1.4 84° — 16° 


SUMMARY 


A new right-angled isosceles triangular reference frame, suitable for routine 
clinical application, is described for determination of frontal plane QRS and T 
vector angles from standard limb lead data. This triangle is simpler in use than 
the Einthoven equilateral or Burger scalene triangle and gives much closer agree- 
ment for the majority of normal subjects with the vector angles obtained by the 
lead field frontal plane technique than does either of the older methods. 
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Experimental Trichinosis in the Golden Hamster 


Il. Electrocardiographic Changes 


George R. Bernard, Ph.D.,* and Frederick N. Sudak, Ph.D.,** Boston, Mass. 


As far as can be determined there are no published electrocardiographic 
studies of laboratory animals experimentally infected with 7richinella spiralis. 
Published reports of cases of trichinosis in human beings occasionally contain 
isolated electrocardiographic observations. Scientifically more valuable are 
studies of groups of infected patients.'-* Parrisius,t Reimann,’ and Solarz® ob- 
served military personnel in epidemic situations. They were thus able in most 
cases to observe the patients through convalescence. When one works with 
human trichinosis, however, possible early effects may be overlooked because 
clinical symptoms are sometimes slow in appearing. 


METHODS 


Electrocardiograms (Lead IV: right forepaw and precordial area) were obtained using needle 
electrodes placed subcutaneously in golden hamsters (Mesocricetus auratus) anesthetized lightly 
with sodium pentobarbital. The signal was amplified by a Grass P-4 amplifier, and recordings 
were made cinephotographically (Grass kymograph camera) from the face of an oscilloscope. 

The hamsters were infected per os with 225 Trichinella larvae digested from infected rat 
muscle according to the method of Larsh and Kent.’ An infection with this number of larvae 
causes a relatively severe illness in the host. The hamsters were 3 months old (78 to 95 grams) 
at the beginning of the experiment. After preinfection records had been obtained, serial weekly 
records were made on 7 litter-mate males (5 infected and 2 control animals). Single electrocardio- 
grams of individual hamsters (both sexes) during the convalescent and postconvalescent periods 
constituted a second series of observations. 

All infected animals were autopsied and found to be heavily parasitized. Unfortunately, 


the hearts were not preserved. 


RESULTS 


Early Effects of Trichinosis Upon the Hamster Electrocardiogram.—Records 
taken prior to infection showed all 7 hamsters were ‘‘normal.’’ Two hamsters 
died early in the disease: one on day 14 post infectionem, and the other on day 29 
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post infectionem (p.i.). Electrocardiograms of both animals taken prior to death 
showed atrioventricular blocks (Fig. 1, B and C). In each case, the record taken 1 
weck previously was similar to that of a normal animal. The other 3 infected 
animals showed no cardiac abnormality up to 7 weeks, i.e., after cessation of 
larval migration. All observations are summarized in Table I. 


Electrocardiograms of Animals With Older Infections.—Since abnormal 
electrocardiograms were obtained soon after infection, it was felt necessary to 
take as many records as possible of animals with older infections. Table I in- 
cludes these observations. Seven of 62 hamsters showed intraventricular blocks 
(Fig. 1, D, E, and F). No other electrocardiographic abnormalities were observed. 


Fig. 1.—Electrocardiographic records (Lead IV) of golden hamsters. A, Record of the heartbeats of 
a normal hamster. B, 2:1 atrioventricular block which occurred during the second week post infectionem 
(p.i.). C, 2:1 atrioventricular block which occurred in another hamster during the fourth week p.i. 
D, Intraventricular (septal) block, fourteenth week p.i. E, The same abnormality in another hamster, 
twenty-first week p.i. F, The same abnormality in another hamster, thirty-second week p.i. 


DISCUSSION 

The details of the life cycle of Trichinella in the hamster are not completely 
known. Humes and Akers,’ working with a comparable inoculum, found that 
the ingested larvae quickly mature and that the last surviving adults leave the 
host during the fifth week. Larvae were recovered from laked blood between 
days 3 and 22 p.i. (It is generally considered that in cases of infection in human 
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beings the larvae are produced beginning on day 7 p.1. Pathologic effects in the 
human organism then might be slightly slower in appearing than in an experi- 
mental host such as the hamster.) The larvae were first observed invading the 
muscle fibers of the cheek pouch on the sixteenth day. The slow processes of 
encapsulation and encystation follow. 

For electrocardiographic abnormalities to occur after infection, it would 
seem necessary that (1) larvae be found within cardiac tissues, or (2) reactive 
cells or their products be found in the cardiac tissues, or (3) cardiac toxins be 
liberated by the larvae. Owen® was the first of many workers to point out that 
encysted Trichinella are not found in the heart. The encysted larvae are almost 
exclusively confined to the skeletal muscle. Leonard and Beahm’® infected albino 
rats with 10,000 larvae each, and 8 to 11 days thereafter were able to recover 
numerous larvae in the heart’s blood, but none were found in serial sections 
of heart tissue. McNaught and Anderson" and Gould” digested heart tissue from 
a total of 65 trichinous patients and found no larvae. Evidence to the contrary, 
i.e., that there is a larval invasion of cardiac tissue, has been reported. Spink" 
found 14 ‘‘mature”’ larvae within the heart of a trichinous patient at autopsy. 
Hill," working with experimentally infected swine, found very small numbers 
of larvae in 6 of 107 hearts (1 to 13 larvae per digested heart). Occasionally, 
cardiac invasion by small numbers of larvae was also observed by Mauss and 
Otto'® in infected mice. Graham!" found occasional Trichinae lying between the 
muscle fibers of the hearts of rats dying on the ninth day ~.7. Dunlap and Weller'® 
found larvae in the myocardium as early as 5 days p.1. Hemmert-Halswick and 
Bugge’® found them in great numbers in the hearts of heavily infected rats 20 
days p.i., whereas Zoller®® rarely observed myocardial invasion in guinea pigs 
after the second week. 

Two facts are evident. First, the larvae do not generally take up permanent 
residence in the heart. Second, the larvae do invade the organ early in the disease 
and are then either removed or—and this seems less likely—migrate elsewhere. 

There have been a few studies of pathologic conditions of the heart in cases 
of trichinosis. Zoller?® reports that in human trichinosis one finds endocarditis, 
myocarditis, and pericarditis with thromboses of the heart wall and fatty de- 
generation of the cardiac fibers. The latter observation was made in both ex- 
perimental and human trichinosis which ended in the death of the host. In guinea 
pigs (and dogs and cats), only myocarditis was observed. It occurred immediately 
after the period of larval migration, only in the more serious cases. Permanent 
tissue damage did not result from this nonspecific myocarditis. Duniap and 
Weller'® made a similar observation in infected rats. 

Simmonds” postulated that the larval worms may produce toxins which 
could cause pathologic changes in the myocardium. Dunlap and Weller'’ found, 
however, that the myocardial inflammatory response (of the rat) ended before 
the larvae had become encapsulated and were, theoretically, still capable of 
secreting toxins. This does not discount the possibility that migrating larvae 
may release cardiotoxic agents. 

Various electrocardiographic abnormalities have been reported in human 
trichinosis. Spink! reported an inverted T wave in Lead II in 4 of his 18 patients. 
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Master and Jaffe,”? Cushing,** Reimann,’ and Solarz® also observed this abnor- 
mality. The flattened or inverted T wave appears early (during the second week) 
or after the acute stages (5 to 7 weeks). Spink,! Saphir," and Master and Jaffe” 
claim that this abnormality of the electrocardiogram occurs only when myo- 
carditis is present. The subsequent reappearance of a normal T wave in almost 
all cases confirms the histopathologic observation that the myocarditis is only 
transitory. (One exception seems to be the case reported by Polley and Murphy,” 
in which there was gradual improvement but no return to normalcy even after 
8 months.) The second most common aberration resulting from trichinosis is a 
prolongation of the P-R interval.?:*.* A permanent low QRS voltage, premature 
contraction, and QRS duration (intraventricular block) have been reported. 
Solarz® found this prolonged QRS duration in 7 of 114 young male patients. 
The blocks,did not disappear before the end of their 3-month hospital stay. 


TABLE I. SUMMARY OF ELECTROCARDIOGRAPHIC OBSERVATIONS OF HAMSTERS WITH TRICHINOSIS 
AT VARIOUS TIMES Post INFECTIONEM 


CONTROL INFECTED 


WEEK | | 
POST INFEC- NUMBER WITH | NUMBER WITH 
rLIONEM NUMBER ABNORMALI- NUMBER ABNORMALI- TYPE OF ABNORMALITY 
OBSERVED TIES | OBSERVED TIES 


0 7 


1 
2:1 heart block* 


? 
2:1 heart blockt 


| Intraventricular blocks 


| Intraventricular block 


| All intraventricular blocks 


\ 


*See Fig. 1,B. This animal died on the fourteenth day, 2 days after this observation. 
+See Fig. 1,C. This animal died on the twenty-ninth day, 2 hours after this observation. 


In the present investigation, 2:1 atrioventricular blocks were observed in 2 
infected hamsters prior to death during the acute stage of the disease. This 
abnormality has never been reported previously. Perhaps because of the small 
sample, no other electrocardiographic abnormality was observed during the time 
when the larvae were actively migrating. In order to account for the atrioventric- 
ular blocks—in the absence of serial sections of the 2 hearts—one must assume 


5 2 3 0 
14 5 10 2 ee 
18 5 11 0 
24 5 17 — 
32 5 22 4 es 
37 1 2 0 
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that larvae and their leukocytic attendants and/or cardiac necrosis altered the 
conduction pathways in the area of the atrioventricular node. These early path- 
ologic reactions to the presence of the larvae have been observed by Zoller? 
and several other workers (see Gould" for a review). Altered conduction could 
result from other causes, but here the probability is greatest that the parasite 
is involved directly or indirectly. 

The evidence seems overwhelming that myocarditis of Trichinella infections 
is usually transitory. The cause of intraventricular block associated with hamster 
trichinosis and with permanent prolonged QRS intervals in human trichinosis® 
has yet to be elucidated. One can only speculate as to why the block occurs, 
It is felt that the blocks found in 11 per cent of the infected hamsters were not 
due to effects of old age because, in addition to the control observations (Table I), 
electrocardiograms of 50 normal animals more than 1 year old failed to show 
electrocardiographic abnormalities of this nature (unpublished data). 


SUMMARY 


An investigation of electrocardiographic changes in experimental trichinosis 
of the golden hamster is reported. 


Atrioventricular blocks were observed in 2 of 5 animals during the early 
stages of the infection. Both animals subsequently died. 


Intraventricular blocks were observed in 7 of 62 animals with older infections. 
The effects of Trichinella larvae on cardiac tissue and the electrical activity 
of the heart are discussed. 


We should like to thank Dr. George P. Fulton, Boston University, for making equipment 
available for our use. 
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Cardiovascular Effects of Isoproterenol in Normal Subjects and Subjects 
With Congestive Heart Failure 


Harold T. Dodge, M.D., John D. Lord, M.D., and Harold Sandler, M.D. 
Seattle, Wash. 


Previous studies by others have shown that isoproterenol increases both the 
rate and strength of contraction of intact hearts and isolated heart muscle prep- 
arations.'-? In this regard it is similar to a number of other sympathomimetic 
amine drugs, although the chronotropic. and inotropic effects of isoproterenol 
are more marked than are those of most of the other drugs within this group.?® 
The peripheral vascular effects of this drug differ from those of many of the other 
sympathomimetic amines in that it has been shown to decrease total peripheral 
vascular resistance as well as vascular resistance in the renal, femoral, and mes- 
enteric vascular beds.?:? Coronary blood flow has been shown to increase and 
coronary vascular resistance to decrease during the administration of isopro- 
terenol.? 

The above-mentioned pharmacologic properties of isoproterenol (Isuprel*) 
are the basis for these studies of the cardiovascular effects of this drug in man, 
and have been reported earlier in preliminary form.®'!® Certain of the cardio- 
vascular effects of isoproterenol in normal man have been reported previously 
by Kaufman and associates. The positive chronotropic properties of this drug 
have led to its clinical use in the treatment of complete heart block and Adams- 
Stokes syndrome."'-'* Stack and associates'® have recently described the hemo- 
dynamic effects of isoproterenol in 5 patients with complete heart block. 


METHODS 


Twenty-one subjects were studied before and during intravenous infusion of isoproterenol 
at rates varying from 1 to 2 micrograms per minute for periods of 15 to 60 minutes. This rate of 
infusion was selected because early in the study several subjects developed frequent premature 
ventricular contractions at more rapid rates of infusion. Two of the subjects had normal cardio- 
vascular function, and 1 had rheumatic heart disease with functionally unimportant mitral in- 
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sufficiency, with normal heart size and no history of cardiovascular disability. Eighteen subjects 
wit!: heart disease of varying etiologies had congestive heart failure at the time of, or shortly prior 
to, the studies. All patients with heart disease either had myocardial disease and/or valvular 
insufficiency lesions. No patients with pure obstructive valvular lesions were included in the study. 
Nine subjects were studied by right heart catheterization, with duplicate determinations of cardiac 
output by the direct Fick method during the control and drug-infusion periods. Mixed venous 
blood was obtained from a pulmonary artery, and systemic arterial blood from a brachial artery. 
Oxygen content of the blood samples was determined by the spectrophotometric method of Hickam 
and Frayser'? or the manometric method of Van Slyke and Neill.’ Oxygen consumption was 
determined by analysis of expired air with a Beckman oxygen analyzer. Intravascular pressures 
were measured with strain gauges and recorded with a direct-writing multichannel recorder. The 
zero reference point was 10 cm. above the backs of the subjects. Brachial arterial pressures were 
recorded from an indwelling arterial needle. Mean pressures were obtained by planimetric integra- 


tion. 

In 9 subjects, cardiac outputs were determined during control and drug-infusion periods 
from Evans blue dye dilution curves recorded with a cuvette densitometer and a direct-writing 
recorder.!® Dye was injected into an antebrachial vein, and arterial blood was sampled from a 
brachial artery, using a constant flow syringe. Cardiac outputs were calculated from the dilution 
curves by using a pooled sample technique.?° Mean transit times were calculated by the method 
of Lilienfield and Kovach.** Needle-to-needle volume is a product of the mean transit time and 
cardiac output. Central mixing pool “volumes” were calculated by the method of Newman and 
associates.” Venous pressures were measured with a saline manometer. The methods used for 
calculating total peripheral vascular resistance, total pulmonary vascular resistance, and right 
and left ventricular work and stroke work were those used by Gorlin and associates.” 


RESULTS 

The effects of intravenous isoproterenol in 2 patients with no heart disease 
and in 1 with functionally unimportant mitral valvular insufficiency are given 
in Table I. In these 3 subjects, systemic arterial pulse pressure widened, with a 
fall of systemic mean arterial pressure. Cardiac output, stroke volume, and 
left ventricular work increased. Arteriovenous oxygen difference and systemic 
vascular resistance fell, while mean pulmonary arterial pressure decreased or 
remained unchanged. The decrease in heart rate observed in Patient T.W. 
differed from the invariable rise in heart rate observed during administration 
of this drug to other subjects. 


The results in the two groups of subjects who had heart failure at the time 
of, or shortly prior to, study are recorded in Tables II and III. Table II contains 
data from 9 subjects studied by right heart catheterization, and Table III gives 
the data on 9 subjects in whom dye dilution curves, and systemic arterial and 
peripheral venous pressures were recorded. Information concerning the etiology 
of heart disease, arrhythmias, if present, and digitalis administration is given 
in the tables. All subjects had an increase in cardiac output (mean cardiac index 
of 3.01 + 1.2 L./min./M.? during infusion from a mean control cardiac index of 
2.00 = 0.73 L./min./M.*), regardless of etiology of congestive heart failure or 
type of rhythm present. The increase in cardiac output was out of proportion 
to the increase in heart rate, except in 2 subjects, W.T. and E.J. This was re- 
flected by the mean stroke volume, which rose 14.4 + 13.5 c.c. from a mean con- 
trol stroke volume of 46.6 = 17.4 c.c. Cardiac output and stroke volume rose 
whether or not the subjects were receiving digitalis at the time of the studies. 
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Number 1 


Ox\ gen consumption increased 32.8 + 31.8 c.c./min. The rise in cardiac output 
was proportionately greater than the increase in oxygen consumption, as reflected 
by the arteriovenous oxygen difference, which invariably decreased toward or to 


normal. 

The brachial arterial pulse pressure regularly widened, with usually only 
slight and inconsistent changes in the mean systemic arterial pressure. Despite 
the invariable fall in peripheral vascular resistance, left ventricular work in- 
creased in each case (mean increase of 3.05 + 2.03 Kg.M./min. from control 
of 4.91 = 2.55 Kg.M./min.). Although the ventricular rate increased 14 + 12.6 
beats per minute, left ventricular work was increased proportionately more than 
the ventricular rate in all but 3 subjects, W.T., D.B., and E.J. This is demon- 
strated by the left ventricular stroke work which increased 25.5 + 25.3 Gm.M./ 
beat from a mean control value of 61.6 + 30.6 Gm.M./beat. The subjects in 
Table II all had elevated pulmonary arterial pressures and total pulmonary vas- 
cular resistance as a consequence of left ventricular failure. The increase in 
left ventricular output, work, and stroke work that occurred during infusion of 
isoproterenol was associated with widening of the pulmonary arterial pulse pres- 
sure, either no change or a slight decrease or increase in mean pulmonary arterial 
pressure, and an invariable fall in total pulmonary vascular resistance. 

The effects of intravenously infused isoproterenol on right ventricular 
function were similar to the effects on left ventricular function, as shown in Table 
I]. Right ventricular work regularly increased, and right ventricular stroke work 
increased in all but 2 subjects, A.W. and W.T., in whom it remained unaltered. 
Peripheral venous pressure was determined during control and drug-infusion 
periods in 7 subjects. Venous pressure decreased from 206 to 172 mm. saline in 
I.R. (Table I1) and decreased in all but 1 subject, as indicated in Table III. 

In addition to the already noted increase in cardiac output, the dye dilution 
curves showed a shortening of the mean transit time in each case, and a shortening 
of the appearance time in all but 1 case, W.M. Calculation of ‘‘volumes’”’ from 
injection to collection site, before and during infusion of isoproterenol, gave 
variable results, with some subjects showing an increase and some a decrease 
in calculated ‘“‘volume.’’ The size of the central mixing pool, when calculated by 
the method of Newman and associates,” also gave variable results, with some 
subjects showing an increase and some a decrease in this calculated ‘“‘volume.” 

Isoproterenol administered intravenously at a rate of 1 to 2 gamma per 
minute for periods used in this study was unassociated with subjective symptoms, 
except in some subjects who noted that their hearts beat more forcibly or rapidly 
during administration of the drug. None of the subjects experienced angina 
pectoris during the period of infusion. Ventricular premature beats rarely oc- 
curred, or rarely became more frequent if present in the control period, and in 
no case made it necessary to discontinue infusion of the drug. 


DISCUSSION 


These studies show that isoproterenol increases cardiac output, stroke 
volume, and left and right ventricular work in normal subjects and subjects 
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with congestive heart failure. Left and right ventricular stroke work is usually, 
but not invariably, increased. In the 3 subjects showing either no change or a 
fall in ventricular stroke work, the effects of the drug to increase heart rate and 
lower peripheral vascular resistance were out of proportion to the rise in cardiac 
output. 

The increased cardiac output, stroke volume, and ventricular stroke work 
in both the normal subjects and subjects with heart failure were associated with 
either no change or a fall in peripheral venous pressure and slight variable change 
in mean pulmonary arterial pressure. Total pulmonary vascular resistance in- 
variably fell. These observations indicate that the increase in ventricular work 
during infusion of isoproterenol is associated with either no change or, at most, 
a slight decrease or increase in mean ventricular filling pressure, and are consistent 
with this drug’s having an effect of directly increasing cardiac contractility, both 
in normal subjects and subjects with congestive heart failure. Others have shown 
that isoproterenol, as well as a number of other sympathomimetic amine drugs, 
directly increases myocardial contractility in the experimental animal.!:2.5:7 

The hemodynamics of the increased cardiac output induced by isoproterenol 
differ substantially from the hemodynamic effects of exercise, particularly in 
subjects with congestive heart failure. Whereas cardiac output may increase 
with exercise in subjects with heart failure, this increase is associated with a 
rise in peripheral venous pressure, pulmonary vascular pressures,”-?? arterio- 
venous oxygen difference, *-?7 and total pulmonary vascular resistance.”:?* The 
increased cardiac output induced by isoproterenol is associated with a fall, or 
essentially no change, in these parameters. 

The peripheral vascular effects of isoproterenol differ from the marked 
vasoconstrictor effects produced by many of the other sympathomimetic amines. 
The fall in total peripheral vascular resistance, combined with the increased 
cardiac contractility, regularly result in an increased cardiac output. These 
effects of isoproterenol are similar to those of epinephrine.?*:?*> Mephentermine 
sulfate has similar effects in the experimental animal.*® The vascular beds par- 
ticipating in lowering the total peripheral vascular resistance were not identified 
in this study, but decreased resistance to flow has been noted in renal, femoral, 
mesenteric, and coronary vascular beds of experimental animals following the 
administration of isoproterenol.? Some of the other sympathomimetic amines, 
notably norepinephrine, also increase cardiac contractility, but, because of 
marked vasoconstrictor properties, the over-all effect may be an elevation of 
venous and pulmonary vascular pressures, together with little change or an 
actual decrease in cardiac output.?®:*!.% 

The observed effects of isoproterenol on venous pressure could be due in 
part to decreased venous tone and venous dilatation. This would explain the 
poor correlation between the changes in venous pesssure and needle-to-needle 
‘“‘volumes” as measured from the dye dilution curves. A fall in venous pressure 
was often associated with an increase in such measured ‘‘volumes.’’ However, 
Eckstein and Hamilton® have demonstrated an elevation of peripheral venous 
tone during administration of isoproterenol at a time when peripheral venous 
and right atrial pressures were falling. A change in the pressure-volume char- 
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acteristics of the large central vencus reservoir or pulmonary vascular bed with 
more central pooling could also explain the discrepancy between the changes in 
venous pressure and these needle-to-needle ‘‘volumes.’’ However, using the 
central mixing pool ‘‘volumes,”’ as calculated from the slopes of the dye dilution 
curves, as an index of central blood volume, no consistent change could be demon- 
strated that would indicate central pooling. Finally, shifts in flow distribution 
on either the venous or arterial side of the circulation, or on both, could result 
in a change in these ‘“‘volumes”’ determined from dye dilution curves, in the ab- 
sence of any real change in the volume of blood contained at any one time within 
the large central venous bed or pulmonary vascular bed.**:* 

The fact that this drug elevated the cardiac output in every subject, regard- 
less of the severity of the heart failure, is of clinical interest. This was observed 
whether or not the patients were receiving digitalis at the time of the studies, 
and suggests that isoproterenol increases cardiac contractility through a mech- 
anism different from that of digitalis. Epinephrine has been shown to have effects 
on cardiac contractility which differ from those of the cardiac glycoside, ouabain, 
in certain types of experimentally produced heart failure.*® It is likely that the 
mechanism by which isoproterenol increases cardiac contractility is similar to 
that of other sympathomimetic amines. Epinephrine, the most studied of this 
group of drugs, is known to increase blood sugar, lactic acid, and muscle hexose 
phosphate through increasing phosphorylase activity in muscle and liver,*” and to 
increase myocardial oxygen consumption.** The mechanism by which these drugs 
increase the strength of myocardial contraction may be secondary to the above- 
mentioned metabolic effects, but this has not been demonstrated. Indeed, iso- 
proterenol, the sympathomimetic amine which is perhaps most active in increasing 
the strength of myocardial contraction, is among the less active in elevating blood 
sugar, although it has been demonstrated to have potent hepatic glycogenolytic 
properties when applied to rabbit liver slices.*®*° Furthermore, the studies of 
Welch and associates*® showed that, under certain conditions of experimental 
heart failure, the administration of the sympathomimetic amine, mephentermine 
sulfate, results in a decreased myocardial oxygen consumption for a given level 
of ventricular work. 

It is of further interest that many of the effects of isoproterenol—increased 
cardiac output, heart rate, stroke volume, left ventricular work, and body oxygen 
consumption, as well as decreased venous pressure, arteriovenous oxygen differ- 
ence, and peripheral vascular resistance—are similar to those of parenterally 
administered theophylline.‘ Theophylline is also known to increase the renal 
plasma flow and glomerular filtration rate in patients with congestive heart 
failure. The effects of isoproterenol on the renal dynamics of patients with heart 
failure have not been defined. Because the hemodynamic effects of isoproterenol 
are so similar to those of theophylline, isoproterenol has been administered clin- 
ically to a few patients without heart block and with congestive heart failure 
refractory to the usual drugs used in the treatment of heart failure. The clinical 
response, in terms of decreased dyspnea and weakness, has been roughly com- 
parable to that of theophylline. 
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SUMMARY 


The cardiovascular effects of isoproterenol administered intravenously at 
rates of 1 to 2 gamma per minute for periods of 15 to 60 minutes were studied in 
3 subjects with essentially normal heart function and 18 subjects with congestive 
heart failure of varying etiologies. During infusion of the drug, cardiac output 
and ventricular work invariably increased, stroke volume and ventricular stroke 
work usually increased, whereas peripheral venous pressure, peripheral vascular 
resistance, and arteriovenous oxygen difference decreased. Mean pulmonary 
arterial and systemic arterial pressures remained unchanged or showed a slight 
increase or decrease. Body oxygen consumption and heart rate rose moderately. 
These observations indicate that this drug increases the strength of myocardial 
contraction in both normal subjects and subjects with heart failure. 


The authors wish to thank Miss Inara Steinhards, Mrs. Joan Thompson, and Miss Corinna 
Thomas for their technical assistance in these studies. 
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Effect of Hyaluronidase Upon the Water Content of Ischemic Myocardium 


Jorge Martins de Oliveira, M.D., and Matthew N. Levy, M.D., Cleveland, Ohio, 
With the Collaboration of Martin I. Schock 


In a previous work,! the electrocardiographic alterations that followed the 
intravenous administration of the enzyme hyaluronidase were described in 
human beings and dogs with acute coronary occlusion. At that time it was specu- 
lated that interstitial edema may play an important role in the physiopathology 
of acute myocardial infarction. Attention was also called to the possibility that 
hyaluronidase could partially remove the edematous process in the injured 
myocardial areas. It is the purpose of the present work to analyze the water 
content of the injured myocardial areas and the alterations that the administra- 
tion of hyaluronidase may produce. 


MATERIALS AND METHODS 


Thirty-six mongrel dogs of both sexes were used in this study. Under general anesthesia with 
pentobarbital sodium (30 mg. per kilogram, intravenously) a thoracotomy was performed and 
artificial respiration was administered during the remainder of the experiment. The circumflex 
ramus of the left coronary artery was ligated beyond its first visible branch. This vessel was 
chosen because its ligation produces . homogeneous infarction of the posterior papillary muscle, 
as demonstrated by Burchell? and b, Jennings and collaborators.’ 

In one series of experiments, the changes in water content were determined with varying 
durations of ischemic injury. From the results of this series, as well as from the data of Jennings 
and collaborators,‘ a period of 5 hours of ischemia was chosen as yielding a sufficiently large al- 
teration in the water content to allow the study of the effects of hyaluronidase. The behavior of 
the water content was then observed in 14 dogs submitted to 5 hours of ischemic injury. Eight 
were treated with hyaluronidase (Wydase, 100,000 units*) and 6 with placebo (sodium chloride, 
0.9 per cent in water). The enzyme or the placebo was injected intravenously immediately after 
ligation of the circumflex ramus and at hourly intervals thereafter until the end of the experiment. 

Nine dogs died in ventricular fibrillation shortly after ligation and were excluded from this 
study. All the others were sacrificed at predetermined times and the hearts were immediately 
removed. Specimens from the posterior papillary muscle (PPM) and from a normal area of myo- 
cardium, the anterior superior left ventricle (ASLV), were taken and placed in previously tared 
bottles. These were weighed on an analytic balance which was accurate to 0.1 mg. The water 
content was assessed by comparing the weights before and after drying the tissues to constant 


weight in an oven at 105°C. 
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in 6 dogs no ligation was performed, and the water content of the posterior papillary muscle 
and of the anterior superior left ventricle were determined for control data. 


RESULTS 


in the 6 animals in which no ligature was placed (controls) the water content 
of the anterior superior left ventricle was found to be 76.33 = 0.52 per cent 
(mean + S.E.), whereas that of the posterior papillary muscle was 76.79 + 0.24 
per cent (Fig. 1). This difference is not statistically significant (P = 0.5). 

In the other dogs, immediately after the ligation of the circumflex branch, 
the lateral and diaphragmatic walls of the left ventricle became cyanotic, and 
epicardial electrocardiograms revealed S-T segment elevation in these regions. 

By the inspection of Table I, one observes that there is a progressive increase 
in the differences between the water content of the posterior papillary muscle 
(ischemic region) and that of the anterior superior left ventricle (intact circula- 
tion) from the thirtieth minute to the fifth hour of ischemic injury. 

Fig. 1 shows the results obtained from the series of dogs submitted to 5 
hours of ischemic injury. A comparative study among the hyaluronidase, placebo, 
and control groups is graphically represented. 

In the cases in which placebo was administrated, the water content of the 
PPM was 79.92 + 0.52 per cent, as compared to 76.21 = 0.55 per cent for the 
ASLV. On the other hand, in the group treated with hyaluronidase, the values 
for the water content were as follows: 77.48 = 0.47 per cent; ASLV, 76.39 = 0.45 
per cent. The differences in water content between the normal and ischemic areas 
is significantly less (P = 0.005) in the group treated with hyaluronidase than 
in the group receiving placebo. 
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Fig. 1.—The water content of the posterior papillary muscle (PPM) and anterior superior left 
ventricle (ASLV) in the normal heart (control) and after ligation of the left circumflex artery. The 
latter group was treated with either hyaluronidase or placebo. The height of the bars represents the 
mean values of the water content in per cent, and the vertical lines the respective standard errors. 
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TABLE I. CHANGES IN WATER CONTENT OF MYOCARDIUM AT DIFFERENT DURATIONS OF ISCHEMIA 


WATER CONTENT (%) 
EXPERIMENT | DURATION WET WEIGHT 
NUMBER (MIN. ) DIFFERENCE 
ASLV* 


78.16 
76.87 
75.82 
77.03 
77.72 
76.88 
76.32 


*Anterior superior left ventricle, circulation intact. 
tPosterior papillary muscle, ischemic myocardium. 


DISCUSSION 


Intramyocardial edema has long been recognized as present after acute 
coronary artery occlusion. Many authors have demonstrated its existence either 
by physical or histologic methods.*-" The determination of the water content 
is undoubtedly the simplest and most accurate technique for the evaluation of 
such edema. Jennings and collaborators‘ described the increase in water content 
as being a constant finding in injured myocardial areas in dogs submitted to 
coronary artery ligation. They also showed that these changes progressively 
increased with time after ligation. Our present findings agree with their observa- 
tions (Table 1). 

The mechanism through which this increase in water content develops is 
not as yet satisfactorily established. Most of the authors consider that the in- 
crease in water takes place in the extracellular spaces,’:*:* although intracellular 
swelling may also occur." 

When localized interstitial pressure and volume are increased, hyaluronidase 
produces a faster diffusion of fluids throughout the extracellular spaces and 
enhances lymphatic drainage. This provides the basis for the use of hyaluron- 
idase in localized edematous processes. 

In the present study, hyaluronidase significantly reduced the water content 
of the ischemic myocardial areas, bringing it to values close to those of the normal 
regions. Such a fact is in accord with the hypothesis that the increase in water 
in the damaged areas is mostly extracellular, since no action of this enzyme upon 
the intracellular space has ever been demonstrated. 

The practical application of our experiments is still uncertain, since it 
remains to be proved whether or not it is beneficial to reduce edema in an ischemic 
myocardium. It may be postulated, however, that the increased tissue pressure 
caused by this edema may exert a compressive action upon the collateral vessels, 


1. 30 78.67 0.51 
ya 40 77.46 0.59 
3. 60 77.24 1.42 
4. 120 78.66 1.63 
180 79.68 1.96 
6. 240 79.15 2.27 
7. 300 80.27 3.95 
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Number 


thereby reducing still more the flow of blood to the damaged areas. Further 
investigations are now being carried out in an effort to answer this question. 


SUMMARY 


In a series of dogs submitted to ligation of the circumflex branch of the left 
coronary artery, changes in the water content of the ischemic myocardium were 
determined. A progressive increase in the amount of water in the tissue was 
observed after ligation. 

Hyaluronidase injected intravenously proved to significantly reduce the 
water content of the damaged areas. Five hours after ligation in the untreated 
series, the mean water content of the ischemic area was found to be higher than 
that of the intact region by 3.71 per cent. In the group receiving hyaluronidase, 
the mean water content of the ischemic area was higher than that of the normal 
area by only 1.09 per cent. 

The importance of further investigation is stressed in order that any possible 
advantages in reducing edema in an ischemic myocardium may be demonstrated. 
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Blood Flow in the Human Calf After Prolonged Walking 
John A. Halliday, B.Sc., Belfast, Northern Ireland 


Most of the investigations carried out on regional blood flow after exercise 
in man have been confined to the forearm or leg after standard laboratory exer- 
cises; few studies have been made on blood flow in the leg after normal walking 
or running. 

Black! investigated blood flow in the calf of subjects who had walked various 
distances at various speeds, using a standard length of pace. He concluded that 
slow walking increased the blood flow in the calf sufficiently to supply the needs 
of the tissues, since the postexercise hyperemia was small and brief and was 
independent of the distance walked. But it appeared that quick walking did 
not increase the blood flow sufficiently to satisfy the needs of the tissues, for 
the postexercise hyperemia was considerable, and it increased with the distance 
walked. 

The purpose of the present investigation was to extend Black’s observations 
to more natural walking over greater distances. 


METHODS 


Venous occlusion plethysmography was used to record the blood flow in the calves of 3 young 
male medical students, using a plethysmograph filled with water at a steady temperature of 
35°C. The procedure for each experiment was as follows. The subject, who had been asked to 
reduce his activity to a minimum for some hours beforehand, lay on a couch in a room at 20°C. 
for half an hour. The blood flow in the calf at the end of this time was regarded as the resting 
level. The calf was then placed in the plethysmograph, and ten measurements of blood flow were 
made in quick succession. After an interval of 5 minutes, ten further measurements were made. 
The twenty measurements were subsequently averaged, and the mean value was the resting 
level of blood flow in the calf for the experiment. The subject’s calf was then withdrawn from the 
plethysmograph, and he immediately began walking in normal clothing round an open-air course, 
a quarter of a mile (0.4 km.) long. The two speeds of walking selected were 3 m.p.h. (4.8 km./hr.) 
and 5 m.p.h. (8.04 km./hr.); 3 m.p.h. was a pleasant speed for walking, and 5 m.p.h. was an un- 
comfortable speed. The distances selected were 0.5 mile (0.8 km.), 1 mile (1.6 km.), and 2 miles 
(3.2 km.), these being distances commonly walked. In addition, to ascertain the reproducibility 
of results, each experiment was repeated once. The quarter, half, and three-quarter way points 
on the course were marked; the subject timed himself between these points and tried to maintain 
a constant speed. He completed the required distance by walking into the laboratory, and without 
delay his calf was replaced in the plethysmograph. 
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't was found in practice that the first measurements of flow could be made 114 minutes 
after exercise ceased, and from then on, measurements were made at intervals of 5 minutes until 
the flows had returned to the resting level. The ‘‘excess blood’’ was calculated by measuring the 
area on the graph between the postexercise flow and the resting flow. Thus, the term ‘excess blood” 
denoted the total amount of extra blood which entered each 100 ml. of calf, the measurement 
beginning 2 minutes after exercise ceased. 


RESULTS 


Fig. 1 shows the blood flow in the calf of one subject after he had walked 
distances of 0.5, 1, and 2 miles at 3 m.p.h. Before exercise, the resting blood 
flow was 1.5 ml. per 100 ml. of calf per minute. After exercise, the blood flow 
increased to between 3.5 and 4.3 ml. per 100 ml. of calf per minute for all three 
distances, and did not return to the resting level until 40 to 60 minutes after the 
end of exercise. 
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Fig. 1.—Resting and postexercise blood flows in one subject after he had walked 0.5, 1, and 2 miles 
at 3 m.p.h. 


Fig. 2 shows the flows in one subject after he had walked the same three 
distances at 5 m.p.h. The resting flows have much the same value as before. 
Two minutes after exercise, however, the flows are much higher, being 8.8 ml. 
after 2 miles, 8.6 ml. after 1 mile, and 4.5 ml. after 0.5 mile. The flow after 0.5 
mile returned to the resting level in about 30 minutes, and after 1 and 2 miles, 
in about 1 hour. 

A considerable variation was found in the peak blood flow, the ‘‘excess 
blood,’”’ and the time taken for the flows to return to normal, not only between 
individuals but also in the same individual from time to time. The ‘‘excess blood”’ 
for all the experiments is shown in Fig. 3. The ‘‘excess blood” at each distance at 
5 m.p.h. was higher than the corresponding values for each distance at 3 m.p.h. 
(p < 0.001). From inspection of Fig. 3 there appears to be an increase in “excess 
blood”’ with distance at both 3 and 5 m.p.h., although the rate of increase at 
5m.p.h. appears to be greater than at 3 m.p.h. There was no significant difference 
between the ‘‘excess blood’’ at the three distances at 3 m.p.h. (p > 0.05); had 
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there been more data, it is possible that a significant difference could have been 
shown. At 5 m.p.h. the ‘‘excess blood”’ after 2 miles was significantly greater 
than the ‘‘excess blood”’ after 0.5 mile (p < 0.01). 
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Fig. 2.—Resting and postexercise blood flows in one subject after he had walked 0.5, 1, and 2 miles 
at 5 m.p.h. 
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Fig. 3.—*'Excess blood” values in ml./100 ml. for all 36 experiments. The continuous line joins 
the mean values for the three distances at 5 m.p.h. The broken line joins the mean values for the three 
distances at 3 m.p.h. 


Fig. 4 shows the time taken for the hyperemia to return to the resting level. 
The pattern was similar to that for ‘“‘excess blood.’’ The average time taken to 
return to resting level after 2 miles at 5 m.p.h. was 99 minutes, but in one ex- 
periment the resting level was regained only after 135 minutes. The times after 
1 mile and 0.5 mile at 5 m.p.h. were shorter. At 3 m.p.h., distance did not have 
so pronounced an effect on the duration of hyperemia. 
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In an attempt to determine the contribution of a possible increase in the 
blood flow in the skin to the ‘‘excess blood’’ due to general body heating or other 
gencral readjustments of the cutaneous circulation due to exercise, the following 
experiment was carried out. The subject walked 2 miles at 5 m.p.h. with one 
arm allowed to hang with the thumb in a trousers pocket, the aim being to keep 
the muscles in this arm as nearly as possible at rest. Blood flow in the forearm of 
this arm, and blood flow in the calf were measured before and after exercise. 
It was found that in 2 of the subjects (B.L.A. and F.H.) there was no rise in flow 
in the forearm after exercise, although the response in the calf was normal (Fig. 
5). In J.D.W., however, the flow in the forearm was considerably raised, and 
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Fig. 4.—Duration of hyperemia, in minutes, for each of the experiments. The continuous line joins 
the mean values for the three distances at 5 m.p.h. The broken line joins the mean values for the three 


distances at 3 m.p.h. 
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Fig. 5.—Results of one experiment on each of three subjects. The figure shows resting and postexercise 
blood flows in the forearm and calf of each subject after he had walked 2 miles at 5 m.p.h. 
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because the muscles in the forearm were probably inactive, the increase is assumed 
to have been in the skin. On the assumption that the cutaneous vessels of the 
calf react similarly to those of the forearm, it would appear that in J.D.W., 
at least, there may be a cutaneous component in the ‘“‘excess blood,”’ possibly 
brought about by general heating or some other effect of exercise on the cutaneous 
circulation. 


DISCUSSION 

These results would appear to agree, in the main, with those of Black,! 
although the differences in postexercise hyperemia between the fast and slow 
speeds do not appear to be so clear-cut as he found them to be. 

At 5 m.p.h., postexercise hyperemia undoubtedly appears to be related to 
the distance walked, although doubling the distance does not double the ‘‘excess 
blood.”’ At 3 m.p.h., there is possibly a slight increase in ‘‘excess blood” with 
distance, but it does not appear to be as great as that at 5 m.p.h. 

It is questionable how far the “excess blood”’ is related to the metabolic 
needs of the muscles of the calf, because there was often considerable variation 
in the same subject from time to time, after exactly the same exercise. Some 
of this variation may have been due to the atmospheric conditions during exercise 
—if the day were hot, the subject might be warmer, and the flows greater than 
on a cool day. Blair, Glover and Roddie? have found that hyperemia after mild 
exercise of the forearm can be greatly reduced or eliminated by digital compres- 
sion of the brachial artery. The digital pressure is adjusted to maintain the flow 
at a normal level. If the pressure is removed after 5 minutes, little or no hyperemia 
is observed. This would imply that the normal resting blood flow is capable of 
removing any metabolites which may have been built up during exercise. Thus, 
it would appear that metabolites may cause a much larger increase in flow than 
is actually needed for their removal. 

It is possible that two factors contribute to the ‘‘excess blood”’ after exercise: 
a raised blood flow in the muscles due to the exercise, and a raised flow in the 
skin of the calf due either to general body heating or some other general effect 
of exercise, or to direct heating of the skin by the muscles. Grant and Pearson’ 
found an appreciable rise in the temperature of the skin overlying exercising 
muscle, and believed that the circulation in the skin was probably increased to 
some extent by the direct heat. Elsner‘ measured the temperature of the skin 
of the calf immediately after exercise and found it to be raised. He then repro- 
duced this increase in the temperature of the skin by other means, and measured 
the resulting increase in the blood flow in the skin. He did not find any great 
increase in the flow in the skin and concluded that under his conditions, which 
approximated walking at 5 m.p.h., the flow in the skin was not greatly raised 
by direct heating from the underlying muscles. In the present experiments, the 
calf was surrounded by a double water-jacket maintained at a steady tempera- 
ture, which would tend to prevent changes in the temperature of the skin and 
to eliminate changes in the blood flow in the skin due to direct heating. It is 
concluded that little increase in blood flow in the skin resulted from direct heating 
of the skin by the muscles. 
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Hlowever, it would appear in some cases that blood flow in the skin is in- 
creascl after walking at 5 m.p.h., because of body heating or some other general 
effect of exercise, and in these experiments we cannot exclude the possibility 
that a cutaneous component contributed to the ‘‘excess blood.”’ 


SUMMARY 


The changes in blood flow in the human calf were measured in three male 
subjects who had walked around an outdoor track, 0.4 km. long, for distances of 
0.8 km., 1.6 km., and 3.2 km., at speeds of 4.8 km./hr. and 8.04 km./hr., blood 
flow being measured before and after exercise by venous occlusion plethysmog- 
raphy. It was found that the hyperemia after walking at 8.04 km./hr. was greater 
than that after 4.8 km./hr. at each distance. The hyperemia increased with 
distance at 8.04 km./hr., but at 4.8 km./hr. the effect of distance was slight. 
The relationship between severity of exercise and postexercise hyperemia is 
not a rigid one. It is concluded that when a subject is walking at 4.8 km./hr., 
the blood vessels of the calf can satisfy the blood-flow requirements of the muscles 
fairly adequately during the period of exercise. At 8.04 km./hr., however, they 
are less able to do this, and a greater postexercise hyperemia is needed as the 
distance walked increases. 


I wish to thank Mr. S. J. Kilpatrick of the Department of Social and Preventive Medicine 
for help in making a statistical analysis of the results, and Professor A. D. M. Greenfield and Dr. 
I. C. Roddie for their advice and criticism. 
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Patterns of Reactive Hyperemia in the Hand 


James D. Wisheart, B.Sc., Belfast, Northern Ireland 


Lewis' showed that in the limb of an individual with obstructive arterial 
disease it takes longer than normal after a period of arrest of the circulation for a 
reactive hyperemic flush to spread to the extremity. Shepherd? showed that in 
some patients with arteriosclerosis and claudication, after exercise the blood 
flow in the calf failed to reach a maximum until some time had elapsed, varying 
from 1 to 14 minutes. As one possible explanation, he suggested the preferential 
diversion of the limited available supply of blood into the muscle proximal to the 
calf. Only when these muscles had been satisfied, did blood become available for 
the postexercise hyperemia of the muscles of the calf. 

In the limb of a normal individual there is a considerable drop in arterial 
perfusion pressure® at the height of reactive hyperemia; this indicates that at 
very high rates of flow, there is a considerable pressure gradient along the main 
arteries, and that the resistance to flow of the main arteries, although of negligible 
importance at rest, assumes considerable significance when the flow is very fast. 

The object of the present experiments was to see whether, in health, when 
the flow rates are very high, the resistance of the large arteries is sufficient to 
cause a measurable delay in reactive hyperemia at the extremity of a limb. 
Comparison was made between the size of hand-reactive hyperemia which fol- 
lowed release of occlusion at the wrist, and that which followed release of occlusion 
at the shoulder. In the former instance, a large volume of blood passed through 
the hand alone, and the flow in the main arteries was comparatively normal, 
whereas in the latter, large volumes of blood were passing through all of the tissues 
of the arm, and the brachial arterial flow was high. 


METHODS 


Blood flow in the hand was measured in 6 normal medical students, by venous occlusion 
plethysmography.* Water in the plethysmograph was maintained at 32-33°C., and the room tem- 
perature was 24-26°C. The circulation was occluded for periods of 3 minutes by inflating pneumatic 
cuffs to 200 mm. Hg, because Patterson and Whelan® have shown that pressures greater than this 
may reduce arterial inflow to the hand immediately after release of occlusion. 

In a control series of experiments the circulation to both hands was occluded at the wrists, 
and the simultaneous reactive hyperemias occurring on release of occlusion were compared. In 
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the experimental series the circulation to one hand was occluded at the wrist, and to the other 
hand, «t the shoulder; the simultaneous reactive hyperemias on release of occlusion were again 
compared. In both series the comparison was made 6 times on each of the 6 subjects. The size 
of the reactive hyperemia is taken as the total blood flow during the 3 minutes immediately fol- 
lowing release of the circulation, which is in excess of the total blood flow during 3 minutes at the 
previous resting level. 

Two experiments were performed in which direct measurements of radial arterial pressure 
were made, distal to the wrist cuff, using an arterial needle and a capacitance manometer. 


RESULTS 

A and B of Fig. 1 show the mean of all the flows in a control and experi- 
mental series of observations, respectively. In Fig. 1,A the hyperemias are seen 
to be symmetrical in all respects, whereas in B, two differences may be noticed. 
The reactive hyperemia after occlusion at the shoulder is greater in size, and, 
secondly, the initial flow after release of occlusion at the shoulder is depressed, 
thus delaying the hyperemia in the extremity. 


TABLE 


(1) DIFFERENCE IN SIZE OF (2) DIFFERENCE IN INITIAL RISE IN FLOW 
REACTIVE HYPEREMIA AFTER RELEASE OF OCCLUSION 


| 
CONTROL: WRIST |EXPERIMENTAL : WRIST 
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The table shows for each subject, (1) the observed mean difference in size of reactive hyperemia, 
and (2) the observed mean difference in initial rise in flow above normal, after release of occlusion, for 
both control and experimental series. The over-all mean, standard deviation, and probability are also 
shown. 


The results in both series of experiments were analyzed statistically. In the 
control series of experiments the mean difference in the size of the reactive hy- 
peremia was 1.4 ml./100 ml., and was not significant (p > 0.3). The scatter of 
this difference is shown in Fig. 2,B. However, in the experimental series, Table 
I shows that the reactive hyperemia after occlusion at the shoulder is greater than 
that after occlusion at the wrist, by a mean of 2.8 ml./100 ml. This difference 
is 16 per cent of mean size after occlusion at the wrist, and is significant (p < 
0.01). The scatter of this difference is shown in Fig. 2,B. It may also be seen in 
Table I that in the control series the mean difference between the rise in initial 
hyperemic flows was 0.6 ml./100 ml./min., and this difference is not significant 
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(p > 0.6). In the experimental series the mean difference between the rise in 
initial hyperemic flows was 7.2 ml./100 ml./min., and this difference is significant 
(p < 0.001). The scatter of these two comparisons is shown in Fig. 2,A. 

During wrist occlusion the pressure in the radial artery distal to the occluding 
cuff fell to 30 mm. Hg. During shoulder occlusion this pressure fell to 20 mm. 
Hg (Fig. 3). After release of occlusion at the wrist, pressure returned to normal 
in 12 seconds, whereas it took 42 seconds when occlusion was at the shoulder. 
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Fig. 1.—Reactive hyperemia following arrest of circulation for 3 minutes, indicated by black rectangle. 
Average of 36 observations on 6 subjects in each series of experiments. 


DISCUSSION 


The symmetry of resting and hyperemic flows in the hands after occlusion 
at the wrist has been observed by Freeman® and Patterson and Whelan.’ In the 
control series of experiments this symmetry was confirmed, as may be seen in 
Fig. 1,A and from the statistical analysis of the results. 

The reactive hyperemia after occlusion at the shoulder is 16 per cent greater 
than after occlusion at the wrist. This was not expected, but may have an ex- 
planation in terms of the myogenic theory of reactive hyperemia,*-* because the 
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fall i:: arterial pressure at the wrist was greater when occlusion was at the shoulder, 
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and this would produce a greater vasodilatation as the myogenic response of the 
blood vessels in the hand, and hence a greater reactive hyperemia. 
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Fig. 2.—A, The difference in the rise in initial flow after release of occlusion, over resting level, 
simultaneously measured in the two hands. Thirty-six observations were made in each series of experi- 
ments. B, The difference in the size of the reactive hyperemia simultaneously measured in the two hands. 
Thirty-six observations were made in each series of experiments. 
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Fig. 3.—The pressure in the radial artery at the wrist before, during, and after consecutive 3-minute 


periods of proximal occlusion at the wrist and shoulder. 
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The significant depression of the initial flow after release of shoulder occlusion, 
as compared with that after wrist occlusion, causes a small delay of up to 10 
seconds in the maximum hyperemic flow. This delay is associated ,with a delay 
in the rise to normal of perfusion pressure after release of the shoulder cuff. _ 
This delay in the maximum hyperemic flow in normal patients is similar to, 
but smaller than, that which Shepherd? found in patients with arteriosclerosis 
and claudication, and occurs when a large volume of tissue, such as a whole limb, 
is involved in the hyperemia. It may be explained in terms of his hypothesis, 
which postulates a bleeding-off of the limited supply of blood to the more proximal 
tissues when the whole limb has been ischemic. In disease, the sclerotic artery 
limits the inflow to a limb; in health, the normal artery imposes limitations on 
very high inflow rates, as found in these circumstances, resulting in a temporarily 
reduced hyperemic blood flow and prolonged fall in perfusion pressure at the 
extremity. 


SUMMARY 

In normal individuals, the size and time course of the reactive hyperemia 
which occurs in the hand after occlusion of the circulation at the wrist was 
compared with that which follows simultaneous occlusion at the contralateral 
shoulder. In each case, the blood flow in the hand was measured by venous 
occlusion plethysmography, and the circulation was arrested for 3 minutes. 

It was found that the reactive hyperemia following shoulder occlusion was 
16 per cent greater than that following wrist occlusion. This difference was in- 
terpreted as being due to a greater vasodilatation of hand vessels, as a myogenic 
response to the greater fall in arterial pressure measured at the wrist during 
shoulder occlusion. 

In the normal arm the maximum hyperemic flow at the extremity was 
delayed when the proximal parts were also undergoing reactive hyperemia. This 
delay was thought to be due to limitations imposed on the very high inflow rates 
by the normal artery. 


I wish to express my gratitude to Professor A. D. M. Greenfield, and Dr. I. C. Roddie, Dr. 
W. E. Glover, and Dr. D. A. Blair for their help and advice throughout the work; to the technical 
staff for their unfailing help, and to the subjects for their generous cooperation. 
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Electron-Microscopic Observations on the Human Mast Cell 


Richard G. Hibbs, Ph.D., George E. Burch, M.D., and John H. Phillips, M.D.* 
New Orleans, La. 


During the last two decades the chemistry and physiology of the tissue 
mast cell have received a great deal of attention. Much of this literature has 
been compiled recently by Riley.! The production of heparin by mast cells 
was first shown by Jorpes, Holmgren, and Wilander.? Riley and West** found 
that mast cells also produce histamine. Recently, it has been shown that in some 
animals, mast cells produce 5-hydroxytryptamine (serotonin). The serotonin 
content of mast cells is, however, extremely variable from one species to another 
and even from one region of the body to another.® The relationship of normal 
mast cells to serotonin in the human being has not yet been determined. 

The morphologic details of the mast cell have received little attention. Light- 
microscopic identification of the mast cell is based mainly on the metachromasia 
of the granules, which is due apparently to the heparin content. Smith and Lewis® 
made an electron-microscopic study of mast cells obtained by peritoneal washings 
from guinea pigs and hamsters. They described the granules as round or oval 
in shape, 0.5 to 1.0 uw in diameter and consisting of a ‘“‘thread-like’’ material 
intermixed with fine spherical particles. They were able to differentiate the 
granules from mitochondria without difficulty. Observations made by Bloom 
and co-workers’ on canine mastocytoma cells revealed a granular structure similar 
to that described by Smith and Lewis, but, in addition, mention was made of 
‘a fine-layered structure’’ which was sometimes present; these layers measured 
30 to 40 A in thickness. 

Electron-microscopic examination of mast cells thus far has been confined 
principally to the mast cells of animals other than man. The cells studied were 
in most instances associated with diseased states (mastocytomas) or were obtained 
from peritoneal washings of previously treated animals. None of these cells 
can be considered unmodified normal cells. 

In the present study an attempt has been made to obtain human mast 
cells from their normal environment for electron-microscopic study by using 
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biopsy material. Isolation and identification of mast cells in such biopsies has 
been difficult. Hundreds of electron-microscopic sections were searched for 
granular cells; these cells were compared to the granuiar cells identified in the 
light-microscopic preparations of the same biopsy specimens. The only such 
cells encountered in the light-microscopic sections were neutrophils, an occasional 
eosinophil, and tissue mast cells. Neutrophils and eosinophils were easily identified 
in the electron-microscopic preparations by their characteristic granules. There- 
fore, the cells described here, being the only other types of granular cells en- 
countered in these sections, are assumed to be tissue mast cells. These cells 
were encountered in approximately the same concentration as were mast cells 
in light-microscopic preparations. 


MATERIALS AND METHODS 


The tissues used in this study consisted of 19 specimens of human digital and abdominal 
skin and subcutis obtained by punch biopsy, and 7 specimens of human gastric mucosa obtained by 
suction biopsy. 

Most of the specimens were divided; one part was prepared for light microscopy by fixing in 
Orth’s fixative, embedding in paraffin, and staining by Sevki’s method,’ and the remaining tissue 
was prepared for electron microscopy by immediately immersing it in 1 per cent buffered osmium 
tetroxide for 2 hours. Dehydration was carried out in graded methyl alcohol, after which the 
tissue blocks were embedded in a prepolymerized mixture of 1 part methyl and 12 parts n-butyl 
methacrylate. Sections were cut with a Porter-Blum microtome and were observed with an RCA 


EMUSC electron microscope. 


OBSERVATIONS 


In sections of dermis and subcutis, two types of coarsely granular cells 
were encountered in addition to occasional easily identifiable eosinophils and 
neutrophils. We have tentatively identified both of these cell types as tissue 
mast cells. 

One type, long spindle-shaped cells, occurs most frequently in the deep 
part of the dermis and in the subcutis (Figs. 1 and 2). Cells of this type are 
often found incorporated into the muscular tunic of the larger blood vessels 
of the area or lying in contact with capillaries, but some are found isolated among 
the large bundles of collagenous fibers. These cells possess elongated nuclei 
and the cytoplasm contains a few small mitochondria, usually near the ends of the 
nuclei. Many closely packed granules, averaging 0.5 uw in diameter, obscure the 
other cytoplasmic details. Very little internal structure can be seen in the granules 
even at the highest magnification (Fig. 2), although one or more internal areas 
of greater electron density can sometimes be discerned. Most, if not all, of the 
granules are enveloped by thin membranes. The endoplasmic reticulum is sparse 
and is usually in the form of small circular profiles. Recognizable Golgi material 
is seldom encountered, although occasionally a few smooth-surfaced vesicles 
are seen which may be a part of the Golgi apparatus. 

The second type of granular cell found in the dermis and subcutis is round 
or oval in shape (Figs. 3 and 4). The cytoplasm contains more mitochondria 
and endoplasmic reticulum than the cells just described, and the granules are 
not so closely packed. At high magnification the granules are distinctive. Each 
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Fig 1.—A spindle-shaped granular cell from the dermis. N: Nucleus. M: Mitochondria. (Xx 20,000) 


Fig. 2.—Two granules and a portion of the nucleus of a spindle-shaped cell from the dermis. Note the 
absence of any discernible internal structure in the granules. N: Nucleus. (X 100,000) 
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Fig. 3.—Section of an ovoid mast cell. Note the internal structure of the granules. The lamellar 
component is mostly in the form of scrolls and is located at the perip ery of the granules. N: Nucleus. 
(X 25,000) 

Fig. 4.—High magnification of two granules from an ovoid cell. Note the prominent lamellar scrolls. 
(X 50,000) 
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Fig. 5.—An ovoid cell from the stomach wall of a patient undergoing adrenocerticosteroid treatment. 
Note the prominent lamellae (arrows) and the absence of any particulate component in the granules, 
N: Nucleus. (<60,000) 
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granule is composed of two elements, a finely particulate substance and a lamellar 
component (Fig. 4). The arrangement of the lamellar component varies consid- 
erably from one cell to another. Granules of some cells are composed mainly of 
bundles of lamellae enclosed by a limiting membrane. In such cases the lamellae 
are usually in the form of scrolls. In the granules of other cells the lamellar bundles 
are less prominent; the granules mainly consist of a finely particulate substance 
interposed within and between groups of lamellae. 

In those granules made up mainly of the particulate substance, the lamellar 
bundles are usually located at the periphery of the granules (Fig. 4). Although 
there is a great deal of variation in granules from one cell to another, those of 
any one cell are almost uniform in structure, but not necessarily in size. The 
diameter of the granules varies from 0.5 to 1.5 uw, averaging about 0.75 uy. 

Cells of both types were encountered in sections of human stomach, but the 
round or oval cells were the more numerous. These cells are indistinguishable 
from those just described in the skin; the granules of these cells also consist of a 
finely particulate substance and lamellar bodies. As in the cells of the skin, the 
proportion of lamellae to particulate substance varies considerably from cell to 
cell. | 

One of the stomach biopsy specimens was from a patient who at the time of 
biopsy was receiving large dosages of adrenocorticosteroids. In this specimen, 
no spindle-shaped cells were encountered. The ovoid cells were found in about 
the same frequency as in untreated patients, but their morphology was dis- 


tinctive. The granules in these cells were composed entirely of rather loose 
aggregations of lamellar bodies, most of which were in the form of scrolls (Fig. 5). 
Only occasionally did a granule contain any particulate substance. 


DISCUSSION 


Both types of cells described in this study contain metachromatic granules 
and would be classified as mast cells on the basis of light-microscopic observa- 
tions. Electron-microscopic study leaves little doubt that these are two distinctly 
different cell types with one property in common, metachromasia of granules. 

The spindle-shaped cells are no doubt the same type described by Adams- 
Ray and Nordenstam?” and Burch and Phillips’ and shown by these workers 
to be chromaffin-positive, a property not possessed by ordinary mast cells. The 
fine structure of these cells has been found in our preparations to be essentially 
the same as that described by Rhodin and associates." 

The ovoid cell is apparently the ordinary mast cell. The significance of the 
two components (lamellar and particulate) in the granules of these cells is 
unknown. However, a clue is suggested in material from the patient under steroid 
treatment. Absence of the particulate component in these granules suggests that 
the metachromatic substance, known to be discharged after steroid treatment, 
is the particulate component of the granules, and that the lamellar component 
is an integral part of the cell not discernible in light-microscopic preparations. 
At the present time, this is mere speculation based on material from only one 
patient. Further investigations are under way to learn the effect of steroids on the 
mast cell. 
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SUMMARY 


3iopsy specimens of human skin and stomach were prepared for light and 
electron microscopy. Two cell types, both identifiable in stained preparations 
as tissue mast cells, are described. One cell type consisting of spindle-shaped 
cells is found in large numbers in the dermis and subcutis, and less frequently 
in the tunica propria and submucosa of the stomach. These cells are often found 
in association with small blood vessels. The granules of such cells are nearly 
homogeneous, but some of them contain one or more centrally located dense 
bodies. The second cell type consists of ovoid or spherical cells. These cells are 
found in only small numbers in the skin but are more numerous in the stomach 
wall. The granules of these cells are made up of two components: (1) a finely 
granular substance and (2) groups of lamellae. The lamellae are sometimes in the 
form of scrolls. A possible relationship of the two components of the granules 
to secretion is discussed. 
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Case Reports 


Mega-Aorta in a Young Man 


Ingemar Cullhed, M.D., Herman Lodin, M.D., and Elis Malers, M.D. 
Uppsala, Sweden 


Diffuse dilatation of the aorta discovered fortuitously in a young, apparently 
healthy subject would appear to be a great rarity. Such a case is now presented. 


CASE REPORT 


The subject, S. S., was born in 1939. His parents are stated to be healthy and not blood 

relations. He has two brothers, born in 1937 and 1942. Apart from common infections, he has 
always been healthy, carried out heavy work on his father’s farm, and played football and ice 
hockey. 
During a mass radiography in 1955, it was found that there was dilatation of the thoracic 
aorta, and the youth was admitted to hospital for investigation. His general condition was good, 
and he was of normal build for his age (height 155 cm., weight 42.9 kilograms). On physical 
examination nothing abnormal was found except with regard to blood pressure and peripheral 
pulses. On auscultation of the heart, only a soft low-grade systolic murmur was heard midway 
between the left sternal border and the apex. The arterial pulsations in the arms were normal, 
and the blood pressure was slightly elevated. Measured by cuff, the blood pressure in the right arm 
was 145-155/85-100 mm. Hg, and in the left arm it was 160-170/95-105 mm. Hg. The pressure 
within the right brachial artery was later determined directly electromanometrically, and found 
to be 155/91 mm. Hg. No pulsations could be felt with certainty over the abdominal aorta, and 
they were weak in the groins and absent in the popliteal fossae and dorsa of the feet. Oscillometry 
(Pachon’s method) of the leg vessels showed very small excursions. 

The laboratory findings were normal (peripheral blood counts, erythrocyte sedimentation 
rate, etc.). Serum tests for syphilis were negative. The tuberculin reaction for 0.1 mg. O.T. was 
negative, and for 1.0 mg. O.T. it was positive. The vital capacity, arm-to-tongue circulation time, 
and venous pressure were normal. The optic fundi were normal. 

A 12-lead electrocardiogram was normal. Normal figures for pressure and oxygen saturation 
were obtained on catheterization of the right side of the heart. 

X-ray examination of the chest revealed normal cardiac volume (390 ml. per square meter of 
body surface). The configuration of the heart was normal, but the thoracic aorta, especially the 
descending portion, was strikingly wide. There were marked aortic pulsations. No calcification 
of the aorta was seen. The lung fields were normal, with unremarkable vascular shadowing (Fig. 1). 


From the Departments of Medicine and Diagnostic Radiology, University Hospital, Uppsala, 


Sweden. 
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Coarctation of the aorta was suspected on the basis of the clinical findings, but the x-ray 
films confuted this. Thoracic aortography (Fig. 2) was therefore carried out. This revealed slight 
widening of the ascending aorta. The aortic orifice appeared normal. The greatest diameter of the 
ascending aorta in reduced figures, measured on the frontal film, was 31 mm. There was great 
dilatation of the descending aorta, gradually diminishing toward the bifurcation. The greatest 
diameter of the aorta beyond the arch was 40 mm. (reduced figures). The abdominal aorta was 
strikingly sinuous, but appeared otherwise normal. 

The youth subsequently refused further investigation, and discharged himself from the 
hospital; he has not since returned. It would have been interesting to have made a histologic 
examination of a peripheral artery, to have estimated the blood cholesterol, and to have performed 
another aortography, this time focused on the aorta and its ascending branches. We have talked 
to his father, however, who has assured us that his son is in excellent health, and fully fit for work. 

The mass radiographs of the other members of the family were rescrutinized, but nothing 
resembling the picture in this young man was found. 


Fig. 1.—The heart is of normal size and configuration, whereas the aorta is dilated, 
especially the descending part. 


DISCUSSION 


No data are available concerning the diameter of the aorta in living subjects 
of different ages. Figures from necropsy material have been published by Vierordt,! 
Roessle and Roulet,? and others. A comparison between these and the measure- 
ments we have recorded in our case is of limited value, because the conditions in 
vivo and post mortem are not comparable. Bearing this in mind, we may mention 
that Roessle and Roulet give the following figures for aortic diameter in boys 
(our figures within parentheses): ascending aorta, 14-16 years, 15 mm.; 17-19 
years, 17 mm. (31 mm.); thoracic descending aorta, 12 mm.; 14 mm. (40 mm.). 

A common feature of all sets of postmortem figures is that the diameter 
of the aorta diminishes toward the bifurcation, whereas Fig. 2 shows that the 
descending thoracic aorta is very much wider than the ascending aorta. 
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Normally, the diameter of the aorta increases with increasing age, and may 
become considerable in old subjects, especially when there are also signs of 
hypertonia and arteriosclerosis. Marked arteriosclerosis and widening of the 
aorta has been demonstrated in hypercholesterolemia, even among children. 


Fig. 2.—Thoracic aortography. The ascending aorta is moderately, the descending aorta markedly, 
dilated. The dilatation gradually diminishes distally. The abdominal aorta is slightly tortuous. 


Unfortunately, we did not determine the fat content of the blood in our patient, 
but there was no evidence of hypercholesterolemia, nor was there a family history 
of such disease. Furthermore, in cases of arteriosclerotic dilatation of the aorta 
there is usually marked pulsation of the abdominal aorta and femoral arteries, 
which is due to the raised pulse pressure secondary to the lowered ‘‘wind-kettle” 
function of the aorta.* The slight increase in brachial arterial pressure in our 
patient cannot possibly have been of any importance in the pathogenesis of the 
aortic dilatation. 


Dandy‘ described ectasia of intracranial arteries. In later investigations,** 
attempts have been made to show a correlation between this phenomenon and 
certain neurological signs, and also, in particular cases, to demonstrate general 
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arteriil ectasia, sometimes including moderate dilatation of the thoracic aorta. 
All of these patients showed signs of arteriosclerosis and/or hypertonia, however, 
and most were between 60 and 70 years old (youngest, 47 years). 

Aortitis has been described in a number of states. The most common is 
syphilitic aortitis, which may even develop in congenital syphilis. Other conditions 
in which aortitis may occur include rheumatic fever, rheumatoid arthritis, 
endocarditis, scarlatina, acute pharyngitis, typhoid fever, tuberculosis, osteo- 
myelitis, and post-traumatic states. There was no evidence of any of these in 
our patient. Aortitis of this type shows a predilection for the ascending aorta, 
and is commonly associated with aneurysm, sometimes dissecting. 

With regard to cases of “‘giant-cell aortitis,’”’ most patients have been 50 
years old or older, the aorta has in many cases appeared normal to the naked eye, 
and in most cases the aortitis has been a feature of an acute illness with high 
sedimentation rate, very often in association with involvement of the temporal 
arteries.7-* Necropsy has revealed fusiform dilatation of the aorta in a 2-year-old 
child,'° however, and slight, diffuse dilatation in a 23-year-old patient.® Giant cells 
are also present in some cases of the “‘pulseless disease’? common in young women 
(see Reference 11 for further references). The histologic findings that have given 
the disease its name are not matched by a uniform clinical picture. There is no 
evidence for this condition in our patient. 

Medionecrosis cystica idiopathica, first described by Erdheim, is seen chiefly 
in dissecting aneurysm (for example in Marfan’s syndrome), and in coarctation 
of the aorta with and without aneurysm. It has not been described in pure, diffuse 
dilatation of the aorta. 

Poststenotic dilatation of the ascending aorta is usual in cases of stenosis 
of the aortic valves. It may become extreme, and aortitis with cystic necrosis 
of the media has even been reported to occur.” There was no sign of aortic stenosis 
in our patient, and the dilatation was maximum in the descending aorta. 

Marfan’s syndrome is associated with cardiovascular malformations in 
20 to 30 per cent of the cases. The most common of these is aneurysm of the 
ascending aorta, with great risk of rupture and dissection. Cases are described 
of aneurysm of the descending aorta, affecting the thoracic or abdominal seg- 
ments, but not with diffuse dilatation. Our patient had no arachnodactyly or 
other skeletal malformations, and the eyes were normal. Furthermore, there was 
no family history of congenital anomalies of this type (although we saw only the 
father). Of course, a monosymptomatic form of the syndrome cannot a priori 
be excluded, and Marfan’s syndrome may then be considered. Some support for 
the diagnosis might be obtained if the urinary excretion of hydroxyproline amino 
acid could be shown to be raised,” but we have not had the opportunity of estimat- 
ing this. 

There are two more inheritable disorders of connective tissue’ that may 
produce vascular changes in young subjects. Both seem to be more benign than 
Marfan’s syndrome. The one is the combination of pseudoxanthoma elasticum 
and angioid streaks on the optic fundi known as Grénblad-Strandberg’s syndrome. 
This may be accompanied by premature calcification of the vessels, and cases 
are described with slight dilatation of the aorta, as demonstrated by x-ray, 
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although no x-ray photographs have been published.'*:!? The other is the Ehlers- 
Danlos syndrome, the chief feature of which is hyperelasticity of the skin, later 
developing into cutis laxa, in which friable vessels and dissecting aneurysm 
of the aorta have been described, and also mega-esophagus, megatrachea, and 
megacolon.'* We did not find any changes in the skin of our patient. 

It would thus seem likely that our patient has congenital mega-aorta with 
no other malformations. The cause may have been purely hereditary, or may 
have been fetal aortitis involving the fused proximal parts of the ventral aortae, 
the fourth left branchial-arch artery, and the proximal part of the fused dorsal 
aortae. Cases of localized aneurysm of the aorta and major arteries in children 
and young adults are described,'®:'* but we have found only one report on marked 
diffuse dilatation of the aorta in young subjects. Zamfir'® has recently described 
the cases of two youths in whom mass radiography revealed marked dilatation 
of the thoracic aorta, with no signs of hypertonia, syphilis, or other disease. 
Aortography was not carried out, and the examination was confined to standard 
chest x-ray. The diameters of the thoracic aortae were estimated to be 38 and 40 
mm., respectively, in the two cases. It should be noted that all three patients were 
young men, and that the most common malformation of the aorta, coarctation, 
is seen most often in men. Finally, it may be mentioned that Heim de Balsac?*! 
mentions ‘‘grosse aorte’’ as an isolated anomaly, and bases his conclusion on 
postmortem findings in a single case, not investigated in detail and unpublished. 


SUMMARY 


A healthy young man was examined by mass radiography, and diffuse 
dilatation of the aorta was fortuitously discovered. Aortography showed that the 
lesion was most pronounced in the thoracic aorta. The possible etiology is 
discussed. 
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Reversion of Bundle Branch Block With Steroid Therapy 
Joseph A. Perkins, M.D.,* Hartford, Conn. 


Extension of the QRS complex to 0.12 second or more has long been con- 
sidered an indication of organic damage to a branch of the bundle of His. Further- 
more, bundle branch block almost always is associated with diseases which cause 
pathoanatomic changes in the myocardium. 

If a lesion of any kind (i.e., acute inflammation, neoplasm fibrosis caused by 
vascular disease, etc.) is suitably located in the interventricular septum, impulses 
passing through either the main right or left branch of the bundle of His will 
be interrupted and complete right or left bundle branch block, respectively, 
will result. If such a lesion is small or is situated in such a manner that one of the 
bundle branches is only partially or minimally involved, impulses passing through 
the branch in question may not be completely blocked but only delayed. Under 
these circumstances, incomplete right or left branch block will be present. 

It should be emphasized that a single lesion in the right place in the septum 
may cause bundle branch block. Numerous patients whose electrocardiograms 
show this conduction defect have many lesions in the myocardium, but this 
is not always true, and bundle branch block does not necessarily mean significant 
myocardial disease. It is a well-known fact that left branch block is more likely 
to be associated with serious heart disease than is right branch block. 

Transient bundle branch block was first mentioned in the literature in 1913, 
by Lewis, who described a patient whose electrocardiogram showed bundle branch 
block which subsequently disappeared. Elkert, however, stated that transient 
bundle branch block was extremely rare. 

Friedberg? states that, as a rule, when the bundle branch block persists 
without remission for several months, it will probably be permanent. 

The literature contains very few reports of left bundle branch block in the 
absence of signs of organic heart disease. The only symptoms which have been 
associated with the presence of bundle branch block are consciousness of the 
heart beat and a ‘‘clicking sensation” in the chest. 

The patient presented in this report had these symptoms and because of 
them sought medical attention. 


Received for publication Nov. 30, 1959. 
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Reports of the clinical use of steroids in heart disease deal mainly with 
acute rheumatic carditis, ‘‘idiopathic’’ pericarditis, intractable heart failure, 
and collagen disease involving the heart. There are no cases in the literature 
which report the effect of steroids on left bundle branch block per se. 

In 1952, Lown, Ganong, and Levine’ presented evidence that the conduction 
system of the heart was, in certain individuals, under the influence of the higher 
cortical centers. Clinical and experimental data suggested that chronic stress 
with resultant hypothalamic discharge activates the adrenal cortex and the 
sympathetic nervous system. During the same year Prinzmetal and Kennamer® 
reported upon a case of posterior myocardial infarction, complete auricular 
ventricular heart block with attacks of asystole in a 60-year-old man. All the 
usual measures failed, and in desperation, corticotrophin was administered, after 
which the block was immediately abolished. The rationale for this treatment was 
as follows: complete heart block following myocardial infarction is not always 
due to permanent and complete destruction of the auriculoventricular node and 
bundle of His. These regions may merely be involved by an inflammatory reaction 
at the edges of the infarct. This case illustrated the need for specially devised 
therapy in patients who failed to respond to routine antiarrhythmic measures. 


CASE REPORT 


The patient, a 54-year-old man, was seen on Sept. 16, 1958. He had noted palpitation 
of his heart since the time of an operation for a hernia 2 months previously. When questioned 
closely, he described the feeling as more of a ‘‘clicking sensation” in his chest. He also complained 
of redness and irritation of his eyes. 

Past History.—In the years 1934 and 1935, he had had numbness of his toes and disturbance 
in the circulation of his left foot, accompanied by pain; a diagnosis of thromboangiitis obliterans 
was made at that time. 

In 1947, he had phlebitis in his left leg, followed by a pulmonary embolus. In 1950, he suf- 
fered phlebitis in his right leg. This was treated with heparin and Dicumarol, and from that time 
on he wore elastic stockings. 

He was 5 feet 8 inches tall and weighed 178 pounds. The pulse was regular at a rate of 100 
per minute. Blood pressure was 110/80 mm. Hg. The skin was pale and moist. There was some 
injection of the conjuctivae. On auscultation, the heart sounds were distant and of poor quality. 
There was a split sound audible over the pulmonic area. The abdomen was soft; no masses were 
felt. Liver, spleen, and kidneys were not palpable. Pulses were absent in the left foot and di- 
minished in the right. 

Urine was negative for sugar and albumin, with a specific gravity of 1.020. The microscopic 
examination was negative. Hemoglobin was 94 per cent. 

An electrocardiogram showed a left bundle branch block (Fig. 1, Sept. 16, 1958). A chest 
radiogram showed preponderance of the left ventricle and a borderline increase in the transverse 
diameter of the heart which constituted 51 per cent of the transverse diameter of the chest. 

A diagnosis of coronary ischemic arteriosclerotic heart disease with left bundle branch block 
was made and the patient was seen at monthly intervals. On Dec. 3, 1958, the patient complained 
again of his eyes. In view of the findings of vascular congestion in the eyes and the past history 
of vascular disease, he was started on steroid therapy (triamcinolone, 12 mg. daily). It was felt 
that he might be suffering from a collagen disease with myocardial involvement. An electrocardio- 
gram taken on Dec. 3, 1958 (Fig. 2) showed persistence of bundle branch block. On Jan. 7, 1959, 
the inflammation of his eyes had lessened. On April 15, 1959, the patient’s eyes were again normal, 
and the uncomfortable feeling in his chest had disappeared. An electrocardiogram (Fig. 3) showed 
a return to normal pattern. Steroid therapy was then gradually withdrawn, and an electrocardio- 
gram taken on May 27, 1959, showed maintenance of a normal pattern. 
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Fig. 1.—First electrocardiogram showing a left bundle branch block pattern (Sept. 16, 1958). 


Fig. 2.—Second electrocardiogram showing a left bundle branch block pattern (Dec. 3, 1958). 
Steroid therapy was begun at this time. 
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Left bundle branch block is rarely an innocuous incidental finding. It is 
usually a manifestation of cardiac disease. The prognosis is that of the type and 
severity of the underlying heart disease, but once established, left bundle branch 
block remains as a permanent abnormality for the remainder of the patient’s 
life. 

There are numerous reports of transient bundle branch block, but it is 
usually a short-lived condition, lasting only a few minutes, hours, or days. 
There are several cases reported of spontaneous remission of left bundle branch 
block after a period of 6 months. 

The persistence of the pattern is based on the fact that the pathologic 
lesion is nearly always ischemic, inflammatory, and destructive, with replacement 
of a portion of the bundle branch by fibrous tissue. 
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Fig. 3.—Electrocardiogram taken after four months of steroid therapy and showing reversion 


to a normal pattern (April 15, 1959). 


The past history of vascular disease in this patient, together with his eye 
condition and the concomitant occurrence of bundle branch block, is suggestive 
evidence that he had a systemic vascular disease of the collagen type and that 
the electrocardiographic changes were due to a reversible lesion affecting the 
left branch of the bundle of His. 

It might be postulated that as a result of steroid therapy the pathologic 
process was arrested while in the inflammatory stage and before secondary 
changes developed. 

The patient was seen recently and has had no recurrence of the vascular 
symptoms; he has maintained the normal electrocardiographic pattern. 
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Clinical-Pathologic Conference 


W. Melville Arnott M.D., F.R.C.P., Donald Heath, M.D., Ph.D., and 
John Howell, M.D., Birmingham, England 


CLINICAL ABSTRACT 


Dr. HEATH: The case to be considered is that of a young married man, 29 years old, who 
was known to have had a weak heart since the age of 7 years. There was no history of rheumatic fever 
and no symptoms until the age of 20, when he was admitted to hospital following a period of 3 
months of tiredness, depression, loss of weight, sweating, breathlessness on exertion, and fleeting 
pains in the muscles. He had a full, regular pulse, a systemic blood pressure of 110/65 mm. Hg, 
and no evidence of cardiac enlargement or failure. There was a systolic murmur and thrill at the 
base of the heart and at the apex, with radiation of the murmur into the neck. There was also a 
diastolic murmur to the left of the sternum and a mid-diastolic murmur at the apex. The spleen 
was palpable. He had a fever, and a blood culture grew Streptococcus viridans. This illness was 
treated with penicillin for 6 weeks; during the last week of treatment he had an urticarial rash. 
He recovered and remained well for 9 years, and then at the age of 29 had a constricting pain 
across the front of his chest and down both arms. This pain was brought on by exertion, particularly 
when walking uphill, and disappeared when he rested. In April, 1958, he had some teeth extracted, 
followed by 3 injections of penicillin; 2 weeks later he began to get breathless. Four days before 
admission he was confined to bed with orthopnea. On admission to hospital he was flushed, sweat- 
ing, and breathless at rest, but was not cyanosed. There were no petechiae, Osler’s nodes, or finger 
clubbing. His temperature was 99° F., and he had bouts of paroxysmal coughing. His pulse was 
regular at 120 per minute, and the systemic blood pressure was 125/85 mm. Hg. There was no 
ankle or sacral edema or venous distention in the neck. The apex beat was felt between the mid- 
clavicular and anterior axillary lines and was heaving in character. There was no parasternal 
thrust. Heart murmurs were present and identical with those found in 1949. The first sound in the 
mitral area was soft, and the second sound in the pulmonary area was loud. At the right base 
there was dullness to percussion, and the breath sounds were diminished. The spleen was palpable. 

Investigations —Hemoglobin was 13.3 Gm. per cent. White cell count was 9,100 per cu. mm. 
(80 per cent polymorphonuclear cells and 11 per cent lymphocytes). Lupus erythematosus cells 
were not seen. The erythrocyte sedimentation rate was 37 mm. per hour (Wintrobe). Platelets 
were numerous. The basal metabolic rate was 45 per cent above mean normal value. A study of 
radioiodine uptake was normal. Serum total cholesterol was 130 mg. per cent. Serum albumin 
was 3.5 Gm. per cent; serum globulin was 2.0 Gm. per cent. No abnormality of the urine was 
found. As for blood cultures, no growth of aerobic or anaerobic organisms were found after 10 
days on two occasions. Examination of the sputum showed throat commensals only, no tubercle 
bacilli. 

Hospital Course —The patient was treated with digoxin, 0.25 mg. every 6 hours, and peni- 
cillin, 500,000 units every 6 hours, but after a week his condition remained unchanged and the 
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penicillin therapy was stopped. The following day he suffered epigastric discomfort; vomiting and 
an urticarial rash developed on his trunk and limbs. These were treated symptomatically and the 
digoxin was stopped. Four days later the vomiting and rash disappeared and digoxin was restarted, 
There was no improvement in his cardiac condition. A fortnight later, while he was sitting in a 
chair by the side of his bed, he was seen to slump forward, having become incontinent of urine. 
By the time he was reached he was dead. 


DISCUSSION 


Pror. Arnott: I cannot escape from the conclusion that in 1949, the patient 
had an attack of subacute bacterial endocarditis, for then he suffered an insidious 
onset of general malaise with fever and an associated obvious heart lesion. Further- 
more, Streptococcus viridans was isolated from his blood stream, and recovery 
followed parenteral penicillin. Another feature, had it been mentioned, that 
would have made this conclusion even more certain was evidence of an embolic 
incident. 

The question that arises is what was the nature of the underlying heart 
lesion. The gross systolic thrill and aortic diastolic murmur on admission in 1949 
suggests that there was preceding organic disease of the heart. This conclusion 
is not absolutely definite because it is possible for an individual with no preceding 
evidence of a cardiac lesion to develop bacterial endocarditis, with valvular disease 
as a result of the infection. In this patient, however, there was evidence that he 
had a weak heart at the age of 7 years, and that he was later rejected for military 
service on this account. I think the evidence suggests aortic stenosis. It could 
conceivably be pulmonary stenosis, but this is much less likely. We know that 
he had a diastolic murmur; well, aortic incompetence accompanies the majority 
of cases of aortic stenosis, although a systemic blood pressure of 110/65 mm. Hg 
does not suggest a gross regurgitation. In fact, in a person with a toxic subacute 
bacterial endocarditis this blood pressure is compatible with a competent aortic 
valve. The common causes of aortic stenosis are rheumatism, congenital heart 
disease, and degenerative valvular disease. The last-named disease has always 
been a mystery, and some examples of this may be originally rheumatic. The 
absence of a history of rheumatic fever is no reason for excluding a diagnosis 
of chronic rheumatic heart disease, however. I think that the fact that he had well- 
marked signs at the age of 7 is more in favor of congenital than rheumatic aortic 
stenosis, although it is possible that rheumatism had developed by that age and 
that the mitral diastolic murmur in this case was due to associated mitral disease. 

He apparently made a good recovery from bacterial endocarditis and had 
no cardiac symptoms until February, 1958, when he began to have angina 
pectoris, which is a quite common feature of aortic stenosis. The explanation 
appears to be that the aortic diastolic pressure is low, coronary filling is poor, 
and coronary ischemia occurs. His sudden death is typical of aortic stenosis; 
the mechanism of this appears to be ventricular fibrillation. 

During his terminal illness the pulse pressure was not increased, so that 
there can have been no gross aortic reflux. He had no gross evidence of congestive 
cardiac failure, for the neck veins were not distended and there was no ankle 
edema. His cardiac failure appeared to have been of left ventricular type, with 
pulmonary congestion and extreme orthopnea. The absence of parasternal 
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thrust iggests that the cardiac enlargement was more left ventricular than right. 
The description of the pulmonary signs point to a right pleural effusion, which 
can occur with either congestive or left ventricular failure. There seems no need 
to invoke a separate disease process here. It could have been a tuberculous 
effusion, but to suggest this would be unreasonable, for, without being too rigid 
about i:, one tries to explain the clinical features of a case on the basis of a single 
pathologic process. This follows the wisdom expressed in the famous aphorism 
of the monkish philosopher of the Middle Ages, William of Occam, Entia non 
sunt muitiplicanda praeter necessitatem—or something to that effect. 

The tip of the spleen was still palpable, and I suppose that it had been per- 
manently so since the subacute bacterial endocarditis. His hospital course was 
steadily downhill, and digitalis had no dramatic effect; in fact, it probably made 
him more sick than anything else. This is not the sort of patient in whom digitalis 
has scope for producing its dramatic effects. He obviously had a sensitivity reaction 
to penicillin. As so often happens in cases of aortic stenosis, he died suddenly. 

Dr. HEATH: Do you want to see the x-ray films of the chest? 

Pror. ARNOTT: I do not think they would help, but let us see them as a 
matter of form. The first radiograph, taken during his first illness in 1949, is 
normal. The second, taken, I see, on the day of his admission in 1958, shows 
enlargement of the heart, with pulmonary congestion and a pleural effusion at 
the right base. This is the picture of left ventricular failure. The other two radio- 
graphs show similar severe pulmonary congestion. 

Dr. HEATH: Here is the electrocardiogram. 

Pror. ARNOTT: This shows left bundle branch block with left ventricular 
strain. He has inverted T waves in Leads I, II, Vs, and Vs. These are not the 
characteristic changes associated with digitalis therapy, and, in any case, his 
dosage of digitalis was not high. There is also some elevation of the S-T segment 
in Lead Ve. There is no significant change in the P-R interval. 

Mr. Baum: Could death have followed rupture of an aortic cusp? 

Pror. ARNOTT: One does not associate rupture of the aortic cusp with aortic 
stenosis. Rupture of that type occurs usually in diseases like bacterial endocarditis, 
in which the valve has not been stenosed previously. 

Mr. Masters: Can you explain the significance of the loud second sound 
in the pulmonary area in this case? 

Pror. ARNOTT: It was most likely due to moderate pulmonary hypertension, 
which one expects at this stage of left ventricular failure when there is an elevation 
of blood pressure in the left atrium. 

Mr. PERCIVAL: I notice that in all these radiographs there was no enlargement 
of the ascending aorta. Would you comment on this in view of your diagnosis? 

Pror. ARNOTT: Poststenotic dilatation is sometimes seen in aortic stenosis, 
but is by no means invariable. 

Pror. SQUIRE: I am not satisfied with Professor Arnott’s explanation of the 
enlarged spleen in 1958. Infarcts in the spleen, such as that which occurred in 
1949, would fibrose and shrink. Also, you certainly don’t feel the tip of the spleen 
in patients in heart failure. 
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PROF. ARNOTT: Sometimes spleens which have enlarged as the result of an 
inflammatory reaction remain enlarged and don’t become normal again. 

Mr. Dent: You explain the angina on effort by saying that the patient had 
a low diastolic pressure and, therefore, poor filling of his coronary arteries during 
diastole, yet on admission to the hospital he had a systemic blood pressure of 
125/85 mm. Hg. 

Dr. CumMMINGs: I wonder how important the peripheral diastolic blood 
pressure really is? If one agrees that the bulk of the coronary blood flow occurs 
during diastole, and only a small proportion during systole, then I don’t think 
that a change in pressure of 20 mm. Hg, measured at the periphery, would enable 
us to draw any conclusions about gross changes in coronary blood flow. 

Dr. HEATH: What do you think was found at autopsy? 

ProF. ARNOTT: [ suspect that the pathologist found left ventricular hyper- 
trophy with some dilatation, and a damaged aortic valve. I should not expect him 
to indicate the origin of the disease on naked-eye examination. It is just possible 
that there was subaortic stenosis with a constricting congenital thickening below 
the valve cusp. I shall want to know whether there were any histologic evidence 
of rheumatism, taking the Aschoff nodule as the hallmark of this disease. There 
may be evidence of infarctions from the previous attack of bacterial endocarditis, 
and we cannot absolutely exclude the possibility of a recrudescence of bacterial 
endocarditis on the patient’s valves. 

Dr. HEATH: | don’t think that you have said enough about the state of the 
patient’s left ventricle. When a man dies suddenly like this, it would seem im- 
portant to know exactly what state his heart muscle was in. 

Pror. ARNOTT: You want me to say why he died. Well, | am accustomed to 
seeing sudden death in patients with aortic stenosis and then finding no lesion 
in the myocardium demonstrable by conventional histologic techniques. People 
with this disease rarely survive more than 5 years, sometimes not longer than many 
months, after they develop angina pectoris. Left ventricular hypertrophy and 
dilatation is usually all that is found, with some myocardial fibrosis. When there 
is an embolism of a coronary artery, produced by a piece of vegetation sucked 
into the coronary circulation in diastole, there is sudden massive ischemia and 
ventricular fibrillation. Moreover, I see nothing to indicate a myocardial ab- 
normality, such as polyarteritis nodosa, a collagen disease, a systemic amyloidosis, 
or endomyocardial fibrosis. ‘Congenital fibroelastosis, of course, is sometimes 
associated with congenital aortic stenosis. All in all, | do not expect any gross 
pathology of the myocardium. 

Dr. HEATH: Would Dr. Howell now give the autopsy findings? 

Dr. Howe t: | shall describe only the abnormal findings. The body was 
that of a well-nourished young man (height, 6.0 feet; weight, 65 kilograms). 
In both pleural cavities there was approximately 1 liter of clear, straw-colored 
fluid. The main bronchi contained frothy fluid, and the lungs were congested and 
edematous. The lower portions of both upper lobes were firm, brown in color, 
and dry. There was bilateral basal bronchopneumonia. 

The liver was slightly enlarged and weighed 2,100 grams; the surface was 
smooth, and, on section, there was a moderate degree of chronic venous congestion 


1 to 
any 
and 
ere 
ked 
and 
ab- 
ISIS, 
mes 
rOss 


oer CLINICAL-PATHOLOGIC CONFERENCE 143 
The sj cen (420 grams) was large and congested, but there was no evidence of 
old or :ecent infarction. The kidneys were equal in size, together weighing 350 
grams, and were congested, but showed no scarring. 

The pericardial cavity contained 20 c.c. of clear, straw-colored fluid. The 
heart was enlarged, weighing 640 grams. The epicardial surface appeared normal. 
On dissection, there was left ventricular dilatation and hypertrophy, the ventric- 
ular wa'l measuring 21 mm. The right ventricle was hypertrophied and measured 
5 mm. in thickness. Both atria were normal. The pulmonary and tricuspid 
valves were normal. The aortic valve was stenotic and incompetent; its cir- 
cumference was 6.5 cm. The valve was converted into a ring of heavily calcified 
fibrous tissue, and large, friable, partially calcified vegetations were attached 
to the remains of the valve cusps. The mitral valve was slightly incompetent, 
measuring 11 cm. in circumference; the posterior cusp was thickened and there 
was some contraction and thickening of its chordae tendineae; the anterior cusp 
was normal. The appearances of this valve were suggestive of rheumatic heart 
disease. 

One of the most striking features seen in this heart was a curious mottled 
appearance, with yellow and purple areas scattered beneath the endocardium 
of the left ventricle, principally on the interventricular septum, but also on the 
anterior wall. On section into the septum there were pale yellow areas beneath 
the endocardium, sometimes extending into the myocardium for about 2 to 3 
mm. In other areas the heart muscle was pale and flabby; there was no mural 
thrombus. The right ventricle was normal in appearance. 

The coronary arteries were dissected with care, and although there was 
fatty streaking in the intima, there was no atheroma or stenosis and no recent 
occlusion. The aorta and other great arteries were virtually free of atheroma. 

Dr. HEATH: | think at this point we might ask Professor Arnott what he 
thinks this lesion is, now that he has the technicolor evidence. 

Pror. ARNOTT: It has the appearance, as far as I can interpret from a color 
photograph, of looking rather like an amyloid heart, but there was nothing in 
the history to suggest secondary amyloidosis. Primary amyloidosis is almost 
invariably associated with gross disturbances of plasma proteins, which we know 
he did not have. 

Dr. HEATH: Would anyone else care to comment? 

Mr. Cuico: I think that it could be endocardial necrosis resulting from suba- 
cute bacterial endocarditis, either in the present or the previous illness. 

Pror. ARNOTT: Bacterial endocarditis does not give subendocardial necrosis 
of a diffuse sort. 

Mr. SMALLWoop: The patient had a weak heart and a relatively poor 
cardiac output. Is this possibly subendocardial fatty change secondary to poor 
nutrition in that area? 

Dr. WILLIAMS: One must consider fatty change in the myocardium which is 
sometimes associated with anemia, but I cannot remember the hemoglobin value. 

Dr. HEATH: The hemoglobin was 13.3 Gm. per cent. 

Pror. ARNOTT: There has been no contact with industrial or therapeutic 
compounds that would be likely to cause fatty change. 
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Mr. Baum: Could it be endomyocardial fibrosis, as found in Africa? 

ProF. ArRNoTT: No! That I can tell you. It is not endomyocardial fibrosis. 

PRoF. SQUIRE: The pain was severe in the chest, and the summary tells 
us that he had a hypersensitivity reaction to penicillin. Of course, I do not know 
whether the inside of a heart looks like this as a result of a drug reaction, but 
this possibility might be borne in mind. I am still worried about that large spleen, 
in spite of the way the pathologist dismissed it. Did the patient have disseminated 
lupus? 

Pror. ARNOTT: A sort of cardiac Schwarzmann reaction, perhaps? It has 
never been described, but I suppose we can start now. 

Dr. HEATH: Would Dr. Howell give us a descriptive account of the histology? 

Dr. HOWELL: Microscopically, the lungs showed marked congestion, edema, 
and areas of bronchopneumonia. Sections from the basal portions of the upper 
lobes showed organizing pneumonia. 

Multiple sections from the left ventricle showed a thin intact layer of normal 
muscle immediately beneath the endocardium (Fig. 1), but immediately subjacent 
to this were circumscribed lesions characterized by empty spaces lined by eo- 
sinophilic membranes. Between the spaces there was slight infiltration with 
mononuclear cells. Some of the macrophages contained a_brownish-yellow 
pigment which did not stain for iron. At the periphery of the lesion (Fig. 2) 
there were muscle fibers which had a vacuolated appearance; despite this, most 
of the nuclei appeared to be normal and there was no evidence of necrosis 
of muscle. There was no evidence of scarring in the lesion, suggesting that it 
was comparatively early. Sections from other areas showed healing with fibrosis 
(Fig. 3). The remains of the spaces described earlier could still be seen, but there 
was collapse of the stroma, with some fibrous replacement, and the muscle 
fibers at the edge of the lesion appeared to be relatively normal. There were 
lesions of all ages in this heart, including the end stage of dense fibrous scarring. 

Dr. HEATH: What do you think this is, Professor Arnott? 

Pror. Arnott: Have you any slides stained for glycogen? 

Dr. HoweL_: The postmortem examination was made some time after 
death, and glycogen disappears fairly rapidly, but the PAS and PAS-diastase 
reaction showed no Schiff-positive material. 

Pror. Arnott: What do you think is in these vacuoles—fat? 

Dr. HoweELv: The vacuoles in the myocardial fibers did not contain fat, 
but there was fatty change in other parts of the myocardium. 

Dr. HEATH: Will you give your interpretation of the findings, Dr. Howell? 

Dr. Howe Lt: This is myocytolysis, a condition described by Schlesinger and 
Reiner! in 1955. They found it commonly in patients with recent myocardial 
infarction and myocardial fibrosis, but in five of their cases there was no infarction 
or fibrosis. All the features they described are present in the case under discussion. 
They emphasize that myocytolysis shows centrifugal spread, whereas the spread 
of classic infarction is centripetal. In a recent infarct there is some separation of 
myocardial fibers (Fig. 4), striations disappear, and the cytoplasm becomes 
homogeneously pink in color. Some fibers are fragmented, and there are alterations 
in the appearance of the nuclei. The nuclei later disappear. In other words, the 
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is necrotic. In other areas there is extravasation of red blood cells, and 
is a brisk polymorphonuclear cell reaction (Fig. 4). These features are not 
myocytolysis. There is another significant difference. The reticulin frame- 
f the heart remains intact in areas of myocytolysis (Fig. 5) because the 
which causes the muscle damage is of insufficient intensity to damage the 


a. In even a small infarct, however, the damage usually involves the stroma 


as well as muscle, so that fragmentation of the reticulin network occurs (Fig. 6). 


* 


Fig. 1.—Circumscribed area of myocytolysis immediately adjacent to a thin layer of intact 


subendocardial muscle. Hematoxylin and eosin stain, xX 100. 


Fig. 2.—Edge of lesion seen in Fig. 1.; vacuolated muscle fibers and mononuclear infiltration. 


Hematoxylin and eosin stain, 150. 
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Dr. HEATH: Would you agree that myocytolysis is not an uncommon lesion? 
It occurs in a small percentage of hearts in which there is no other cardiac path- 
ology, and it is believed to be one of the causes of heart failure in the puerperium, 
and in a variety of other conditions. 

Dr. HoweLL: Yes, I agree, it does occur in late pregnancy and in the puerper- 
ium. Similar lesions have also been found in cases of scleroderma, insulin shock, 
alcoholism, uremia, poliomyelitis, and other viral and bacterial diseases. The 
lesions have been found in experimental animals, e.g., in hypokalemic rats, jn 
aemeneien wei rats, in anoxic cats, in rabbits with induced tachycardia and 


Fig. 3.—‘‘Healing’’ stage of myocytolysis, with collapse of stroma and some fibrosis. Hematoxylin 
and van Gieson stain, x 150. 


Fig. 4.—Recent myocardial infarct. Hematoxylin and eosin stain, X 150. 
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thyroidism, and also after injections of adrenaline in rabbits.' However, 
ype of lesion is found most commonly at the edge of classic myocardial 
ts. It has been given a variety of names in its time, the most common 
“miliary infarction of the heart.” 
PROF. ARNOTT: So, it is really part of the histologic background of myocardial 
inic death? 
Or. HEATH: We recently examined sections of an atrial biopsy specimen from 
tient with Fallot’s tetrad operated on by Professor d’Abreu. The atrial 


Disruption of reticulin fibers. Reticulin x 250. 


Fig. 6.—Recent myocardial infarct. 
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Fig. 5.—Myocytolysis showing intact reticulin fibers. Reticulin x 150. 
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myocardium showed myocytolysis, and I strongly suspect that the ventricles 
were similarly affected. I should be interested to ask Dr. Brewer whether he 
would agree or not that this is a distinct pathologic entity? 

Dr. Brewer: Well, I think that myocytolysis occurring in this form and this 
distribution must be considered to be a distinct entity. The histologic picture is, 
I think, strongly in favor of the changes being due to some sort of coronary 
ischemia, because such changes are common in hearts with coronary disease and 
especially around the edge of classic infarcts. In this particular instance the 
distribution of the lesions beneath the endocardium of the left ventricle is very 
similar to the distribution of fatty changes in the heart caused by the anoxia 
of anemia. 

Dr. Heatu: What do you think was the immediate cause of death in this 
case? 

Dr. Howe tt: The lesions were so widespread throughout the left ventricle 
that I think he went into ventricular fibrillation. 


Diagnosis: Focal myocytolysis in aortic stenosis 
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Urine Tests for Pheochromocytoma 


Forty-three years after Stolz! synthesized norepinephrine, it was demonstrated in normal 
urine by Holtz, Credner, and Kroneberg.? Three years later, in 1950, Engel and von Euler* noted 
the association of pheochromocytoma and abnormally large amounts of norepinephrine in the 
urine. Chemical assay of the catecholamines in blood and urine, although rapidly accepted as a 
highly reliable diagnostic test for pheochromocytoma, suffered from appreciable technical dif- 
ficulties, requiring for its performance the presence of the rarely available skills and equipment 
of the research laboratory. These procedures relied upon photofluorimetry or bioassay of the 
infinitesimal quantities of catecholamines which could be extracted from the biologic fluid by 
adsorption upon alumina. Normal adults were found to excrete about 25 to 50 ug of unconjugated 
norepineph~ine per 24 hours (approximately 0.014 wg norepinephrine per milligram of creatinine 
in the urine), whereas estimates of normal plasma norepinephrine have been as low as 0.7 wg per 
liter. 

Recent advances in our knowledge concerning the metabolism of the catecholamines promise 
to yield less difficult means of testing chemically for the presence of pheochromocytoma. A major 
advance was made in 1957, by Armstrong and McMillan,‘ who, while systematically studying 
the urinary phenolic acids by means of paper chromatography, recognized the ability of the human 
organism to O-methylate the hydroxyl groups of various aromatic compounds. They demonstrated 
that the catecholamine which had undergone amine oxidation of the side chain and O-methylation 
of the meta-hydroxyl group appeared in the urine as 3-methoxy, 4-hydroxymandelic acid (VMA, 
for vanillylmandelic acid). Shortly thereafter, Axelrod® and his associates described the enzymatic 
system responsible for the O-methylation of catechols. This enzyme, cathechol-O-methyl trans- 
ferase was demonstrated to be widely distributed in animal and human tissues and to require for 
its activity a divalent cation and a methyl donor, such as S-adenosylmethionine. 

It is now apparent that almost all of the epinephrine and norepinephrine synthesized by the 
body is excreted either as VMA or as those compounds which have undergone O-methylation but 
have preserved their side chains intact. The latter substances are referred to as metanephrine 
and normetanephrine, respectively. About one third of intravenously administered norepinephrine 
appears in the urine as VMA, whereas only 1 to 4 per cent is excreted unchanged. Almost all of 
the unmodified norepinephrine appears in the urine within a few hours of its intravenous ad- 
ministration. On the other hand, large quantities of VMA continue to appear in the urine for at 
least 24 hours following such an injection. 

The relatively large quantities of urinary VMA, its prolonged period of excretion following 
the administration of norepinephrine, and the simplicity of its determination all suggest the in- 
herent advantage of the determination of urinary VMA for the diagnosis of pheochromocytoma. 
Quantitative assay of urinary VMA by the original paper chromatographic technique yields an 
accuracy of +15 per cent. Normal subjects, as well as patients suffering from primary (essential ) 
hypertension, excrete 1 to 4 wg of VMA per milligram of urinary creatinine (about 2 mg. VMA 
per 24 hours). Those patients with pheochromocytoma excrete 6 to 40 ug of VMA per milligram 
of creatinine (mean, 17.5 ywg).* Substances such as isopropylarterenol (Isuprel) and tetracycline, 
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known to interfere with the determination of catecholamines, do not affect this test for VMA. 
Kraupp’ has described a patient with pheochromocytema who excreted large amounts of VMA 
and catecholamines during paroxysms, but only increased VMA between paroxysms. Although 
other tests** have been devised for the determination of VMA, they thus far fail to compare to 
the chromatographic procedure in simplicity of technique or instrumentation. 

More recently, a simple and rapid screening test for pheochromocytoma has been devised." 
It is based upon a semiquantitative colorimetric estimation of urinary VMA and is suitable for 
routine use by any clinical laboratory. It is hoped that tests such as this will enable the physician 
to screen hypertensive subjects and thereby delineate that group requiring those detailed and 
costly studies necessary to establish the diagnosis of pheochromocytoma. 


Stanley E. Gitlow, M.D, 
New York, N. Y. 
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The Role of Myocardial Dysfunction in Mitral Stenosis 


Since the development of surgical therapy for mitral stenosis the major importance of ob- 
struction to blood flow in the production of symptoms has become apparent.' The possible role 
of myocardial dysfunction in producing disability with mitral stenosis, however, remains less 
certain. It seems likely that varying combinations of obstruction and myocardial dysfunction 
exist, and there is evidence that the myocardial factor is a major one occasionally in a patient.?- 
In such cases, surgical therapy for an obstructive lesion is unlikely to result in significant sympto- 


matic improvement. 

Harvey and co-workers* consider myocardial dysfunction accompanying mitral stenosis to 
be the result of rheumatic myocarditis. Fleming and Wood! feel that there is insufficient evidence 
to support a theory of the presence of significant myocardial disease in patients with mitral stenosis, 
and feel that the myocardial dysfunction is secondary to atrial fibrillation in the presence of 
mitral stenosis. 

The reported incidence of significant myocardial dysfunction is variable. Fleming reports 
such dysfunction in 3.2 per cent of 750 cases, whereas Harvey reports its occurrence in 17.7 per 
cent of 45 cases. With the technique cf combined right and left heart catheterization, Samet* 
found definite evidence of such dysfunction in one and suggestive evidence in another of 53 patients 


studied. 
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» clear-cut clinical picture of mitral stenosis with significant myocardial dysfunction has 
becom’: apparent. Wade and associates? suggested that such patients had greater cardiomegaly, 
an increased incidence of atrial fibrillation, lower pulmonary arterial pressure, evidence of right 
heart i ilure, and absence of attacks of pulmonary congestion, in contrast to the findings in patients 
with p:edominantly obstructive disease. Fleming® reported the clinical picture to be characterized 
by a long history of fatigue, recurrent heart failure, systemic emboli, and that it was most frequent 
in women. Harvey*® also reported marked cardiomegaly, a high incidence of atrial fibrillation, and 
a tendency for the symptoms to be recurrent rather than progressive, but did not think these 
characteristics were distinctive enough to warrant clinical selection of such patients. Soloff* agrees 
with the need for catheter studies to recognize the state. It is generally agreed that the physical 
examination is not useful in separating patients who have mitral stenosis with significant myo- 
cardial disease from those without myocardial disease, since the classic findings of stenosis may 
be present in both groups. 

Harvey and co-workers* report that right heart catheterization is helpful in distinguishing 
patients with predominant myocardial disease. A normal pulmonary arterial pressure at rest 
and a subnormal rise in cardiac output in response to exercise are cited as evidence of a significant 
myocardial factor. An increase in pulmonary arterial pressure with exercise is reported by these 
authors in some cases, but this may be the result of left ventricular failure and not obstruction 
of the mitral valve. Samet and his group* consider the absence of a mitral gradient by left heart 
catheterization a necessary prerequisite to the diagnosis of significant myocardial dysfunction. 
They cite three patients with minimal pulmonary hypertension at rest and during exercise who 
were shown to have a significant gradient across the mitral valve by left heart catheterization. 
Operable mitral stenosis was confirmed in two of these patients. 

In summary, the cause, recognition, and role of myocardial dysfunction in producing symp- 
toms in patients with mitral stenosis has not been fully delineated. It is generally agreed that 
significant myocardial disease associated with mitral stenosis occurs, but the true incidence has 
not been determined. With increasing experience with left heart catheterization, it is hoped that 
these problems will be further clarified. 


Robert H. Eich, M.D. 
Syracuse, N.Y. 
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Potassium and Digitalis Intoxication 


Although digitalis has been employed for about 175 years, it appears that the incidence of 
digitalis intoxication is increasing. Also, it is evident that potassium is being employed more com- 
monly than previously for the treatment of this condition. Potassium, by some, is regarded as a 
“digitalis antagonist,’’ even though both agents have myocardial depressant properties. A word 
of warning regarding the use of potassium for treating digitalis intoxication has been given by 
Lown, who states that the use of potassium salts in the treatment of digitalis toxicity should be 
undertaken with caution, in order to avoid jumping ‘‘out of the frying pan of digitalis intoxication 
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into the fire of potassium poisoning.’’' The work of Fisch and associates? emphasizes this point, 
They administered potassium intravenously to dogs previously intoxicated with digitalis. There 
was a prompt rise in plasma potassium, with depression of conduction through the A-V node and 
myocardium, followed by death of the animals. The authors could find no support for the concept 
of digitalis and potassium antagonism in animals or in patients with normal levels of blood po- 
tassium. They concluded that, in the absence of potassium deficiency, potassium given rapidly 
intravenously in the presence of digitalis toxicity may be deleterious. They explain the elevate: 
levels of serum potassium on the basis of a cellular membrane block which prevents the return 
of potassium from intercellular spaces to cardiac and skeletal musculature. This theory is based 
on the observation that toxic doses of digitalis cause a loss of cellular potassium from cardiac 
and skeletal muscle, with an inhibition of inflow of potassium into the cells of these tissues,34 
The results of an increased blood potassium are the nonspecific depression of the myocardium, 
which usually results in atrial standstill, intraventricular block, ventricular fibrillation, and death. 

It should be emphasized, however, that digitalis intoxication may appear for the first time 
when hypokalemia develops. Also, the correction of hypokalemia may decrease the signs and 
symptoms of digitalis intoxication. Much experience with hypokalemia and digitalis intoxication 
has been gained by studying the electrocardiograms of patients undergoing hemodialysis, which 
may produce hypokalemia. If the patient is adequately digitalized, showing no signs of digitalis 
intoxication, and potassium is removed by the artificial kidney, signs of digitalis intoxication with 
ventricular tachycardia and ventricular fibrillation may appear.’ Lown has shown by means of 
the acetyl-strophanthidin test in man that signs of digitalis toxicity develop more readily in hypo- 
kalemic patients than in patients with a normal blood potassium.! Thus, it is clear that patients 
with hypokalemia are often sensitive to the toxic effects of digitalis, and, in addition, the thera- 
peutic response of hypokalemic patients to average doses of digitalis is often unsatisfactory. 
Often, the toxic-to-therapeutic ratio is 1 to 1. 

In considering the dose of digitalis for any patient it is as important to consider the sensitivity 
of the patient to digitalis (which is related in part to the level of potassium) as it is to consider 
the body weight. In the presence of known hypokalemia, less than the usual therapeutic dose of 
digitalis should be prescribed initially, and the dose increased with caution. Although the level of 
blood potassium is some guide to the presence of hypokalemia, the levels of total body potassium 
and cardiac cellular potassium are of more importance. It is not uncommon to find that patients 
with medical diseases have low levels of body potassium. Congestive heart failure, for example, 
favors loss of potassium from cardiac musculature. Pathologic studies on hearts have shown that 
the potassium in heart muscle decreases as heart weight increases. The loss of potassium is greater 
in the failing heart chamber than in the compensated one. In addition, the treatment of congestive 
heart failure often favors the loss of blood and tissue potassium. Mercurial diuretics, ammonium 
chloride, chlorothiazide, hydrocholorothiazide, carbonic anhydrase inhibitors, such as Diamox, 
and adrenal steroids favor the loss of potassium from the body. Also, vomiting, diarrhea, and 
gastric suction have similar effects. 

A common arrhythmia resulting from digitalis intoxication is paroxysmal atrial tachycardia 
with block, which is caused by an excess of digitalis in the presence of hypokalemia. Approximately 
half of the patients with this irregularity, if untreated, succumb. Paroxysmal atrial tachycardia 
with block due to digitalis is characterized by the following: low P waves, especially in Lead II, 
an atrial rate of about 180 beats per minute, a variable second degree A-V block, and ventricular 
ectopic beats. Carotid sinus stimulation increases the A-V block, but the atrial rate is unchanged. 
Following treatment with 68 mEq. of potassium in 1,000 c.c. of 5 per cent glucose in water intra- 
venously, there occurs in 2 hours a higher degree of A-V block with a long P-R interval, and, 
finally, sinus rhythm results. Paroxysmal atrial tachycardia with block which is not due to digitalis 
does not respond to potassium in this way. 

The treatment of digitalis intoxication should be carefully considered before therapy is pre- 
scribed. The safest methods should be employed first. If cardiac toxicity is mild and is evidenced 
by only ventricular ectopic beats, treatment consists of stopping the digitalis, forcing fluids, and 
giving diuretics with small oral doses of potassium. The oral dose of potassium can be estimated, 
with the knowledge that normally the intake of potassium is 100 mEq., which is equivalent to 
7.5 Gm. of potassium chloride daily. Thus, for mild cases of digitalis intoxication, a total intake 
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of 10 Gm. of potassium daily for a few days is reasonable. If the cardiotoxicity is more severe and 
the -lectrocardiogram shows ventricular tachycardia or various degrees of A-V block, and if blood 
or total body potassium is low, than 40 mEq. of potassium in 500 c.c. of 5 per cent glucose in water, 
given intravenously in 2 hours, with electrocardiographic monitoring, is desirable. As soon as 
sinus rhythm is established, the intravenous injection is stopped. Supplementary oral doses of 
potassium may be given also for 3 or 4 days. Adjunctive therapy should be given with intravenous 
fluids to promote diuresis, along with various diuretics to promote the renal excretion of digitalis; 
atropine or other anticholinergics, such as methantheline bromide, to inhibit the vagus and im- 
prove the A-V block; procaine amide to control the ventricular ectopic beats, if they are uncon- 
trolled by potassium; and sodium EDTA to bind calcium, if hypokalemia is present. 

Until more is learned about the relationship between digitalis intoxication and the adminis- 
tration of potassium in patients with normal levels of blood potassium, this agent should be given 
with caution to this group, in order to prevent undue depression of the myocardium, which results 
from potassium poisoning. Potassium is indicated, however, if digitalis intoxication exists in the 
presence of hypokalemia. 

Travis Winsor, M.D. 
Los Angeles, Calif. 
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“The Doctor's Dilemma” 


Physicians, it seems to me, have more talent for obscuring issues and making themselves 
appear ridiculous than do most other groups. They cover up everyday problems with high- 
sounding latinized prescription-blank words or with Ivy Hall or street corner jargon, thinking 
thereby to keep professional quarrels within the family and beyond the probing public eye. We 
are, therefore, assailed by such term; as full-time, part-time, geographic full-time, voluntary 
staff, etc., on the one hand, and the younger men will say to each other, A: “I’m still at X Uni- 
versity Medical School,” B: ‘Giving or taking?” 

The plain fact is that a physician, like everyone else in the community, must earn a living 
for himself and his family in one way or another, and the young physician at some point must 
decide which way. Medical education today is expensive and long, especially if periods of intern- 
ship, residency, fellowship, and army service are added. It is no wonder that at some point the 
physician’s wife feels embattled and urges a change from “giving” to ‘‘taking.’’ Hungry mouths 
demand food. 

Yet medicine is a lofty profession with traditions and ideals. How can these be harmonized 
with the quest for bread? There are four separate major activities in medicine: practice, teaching, 
administration, and research, each of which is necessary for the community as well as for the 
profession. Every good physician would like, I believe, to participate to the extent of his capa- 
bilities in all these activities, but often he has to settle for less than this because of economic pres- 
sure. In the ideal society the limiting factor would be only his own capacities, whereas in our 
realistic social milieu, monetary values are placed on activities on the basis cf custom and social 
need, as estimated by social, economic, and political leadership, which in turn is influenced by the 
relative intelligence or ignorance of all those involved in the democratic process. The value of 
Practice is recognized and well paid for, with the physician himself as entrepreneur. Administra- 
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tion is fairly well paid for by those who build and run institutions. Teaching is dragged down by 
low economic standards in other academic fields and is paid for poorly or not at all in medicine; 
whereas research, the flower of all activity in medicine, is the most poorly supported of all. It 
is tolerated by institutions usually as an adjunct to teaching. 

The young physician thus faces many decisions. Should he specialize or go into general prac- 
tice? Which specialty should he choose? Should he become a full-time paid worker with the govern- 
ment or in an institution with no private practice, or should he be a part-time paid worker with 
practice privileges limited to a “geographic” area, or should he be a voluntary worker in an insti- 
tution with income solely from private practice? Which of these choices, moreover, would harmo- 
nize best with his interests and abilities, compatible always with the need to provide for his 
family? 

What kind of atmosphere do we as physicians create for this hypothetical young man? 
Physicians are unfortunately just as egotistic, short-sighted, and “Shuman” as the members of 
any other group. Is it salutary, therefore, for him to see the full-time professor on his white charger 
jousting with all those who are allegedly interested in money, while he, almost alone, carries 
forward the banner of ideal medicine; or to hear the practitioner inveigh against the professor who 
is interested only in destroying private practice and in taking the bread out of the mouths of his 
children? Are anyone’s motives that pure or that crass? 

And what is the attitude of the community to this problem, if it is at all aware of it? Surely 
the social values of research must be apparent to everyone today. Why then is there no program 
to enlist in this activity the energies of the young physician capable of research? Is this not more 
important than the sticks and stones of a building or the hierarchy of teachers? What kind of 
teachers will we have if they lean only on the academic book and have nothing new to say, nothing 
with which to fire the imagination of those men who are faced toward the bright future? 

The leaders in medicine and in society must, therefore, look toward making research and 
teaching compatible with an adequate living standard for those engaged principally in these 
activities, and those men, in turn, must seek to bring the young practicing physician into the 
research and teaching family by utilizing his ability and energy to that end. Funds must be made 
available for this purpose and honors created for the achievements of these men. In turn, those 
working solely in institutions should enlist the help of the practicing physicians involved in the 
institution's activity whenever financial help is needed from the community as a whole. 


Milton Mendlowitz, M.D. 
New York, N.Y. 


Electrocardiography 


Einthoven? introduced a triangular system in the frontal plane for recording cardiac fields 
He placed his electrodes at a distance from the heart, a procedure which many later thought made 
for more accurate information. The Einthoven Lead II is a simple arithmetic derivation from 
Leads I and III, since Leads I and III have a common point, and the remaining points in Leads 
I and III are precisely those of Lead II. Thus, I+ III = II for the entire cycle. Goldberger* thought 
that connecting the limb leads in pairs yielded more information. This is not so, for Leads aVr, 
aV,, and aVy can also be defined precisely from Leads I and III along the lines mentioned. One 
cannot obtain further information than that contained in the original equation. Leads I and III, 
therefore, yield all the information in Leads I, II, III, aVr, aVi, and aVr. 

Wilson, in 1926 attempted to obtain additional evidence of heart activity, especially in cases 
of infarction and angina, by preparing an “infinity” terminal (R, L, and F joined) and a recording 
electrode over the precordium. He was partly successful, although his indifferent electrode was 
not at infinity. It was because he was now recording fields partly outside the frontal plane that 
he was more successful in recording infarcts not apparent in the Einthoven leads. However, mathe- 
matical derivation of the meaning of the readings he obtained is extremely difficult because of 
the indifferent electrode he chose. Leads V; and V2, particularly, are askew to the frontal plane, 
but, paradoxically, electrocardiographers are notoriously chary of ascribing the full significance 
indicated by these leads, because of a general opinion that they may vary widely normally. 
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Electrocardiographers themselves vary in their opinions regarding the same tracing, and 
evc | each one may vary in his own opinion of the same tracing at different times, although if a full 
clinical history and other findings are given (as should be given in medicine: the art is difficult 
enc'igh in all conscience), such variation is reduced. 

Continental workers, Duchosal and Sulzer! especially, then attempted to define the fields 
by vector derivation obtained from rhomboid figures, using 8 to 12 leads derived at a distance 
fro: the heart. 

Such a derivation rests on two false premises. In the first place, it is necessary to derive the 
vector mathematically by an equation which has already been shown by Vanremoortere™ to be 
faulty, even if the medium were saline. Kaufman and Johnston‘ have indicated that varying 
resistances in the medium affect the fields, though not greatly, they believe. Secondly, the frame 
used to derive the vector gives a derivation different from that of another frame. Schmitt? has 
attempted to overcome this difficulty with a model and to record the thoracic currents from a 
known central input. 

It appears unrealistic to derive vectors from surface action currents even in the absence of 
the objections referred to above, since the derivation can yield no further information than that 
obtained from the original tracings. Furthermore, the flat tracing is much more readable than 
a three-dimensional vector, apart altogether from the added disadvantage of the complicated 
time-base. An attempt to simplify this has been made by projecting the vector onto three planes, 
but this still leaves the latter difficulty. 

Trethewie!!” introduced a simpler system by taking three leads with a common origin close 
to the heart, so that the orthogonal representation is derived from four points. Theoretically, 
this is largely successful. This appears to overcome the inherent difficulties mentioned above. 
A large series of cases of infarction was reported recently in the British Medical Journal,® and 
this report goes far to establish the method as a simple and complete procedure. Surface tracings 
are read in the ordinary manner, and the close electrical neutrality of the common origin (the 
xiphisternum) ensures that infarct patterns of segment change always show elevation, making 
the distinction from heart strain relatively simple. Furthermore, the high P wave in one of the 
leads helps in the case of flutter and fibrillation. Congenital heart defects are also recognized, 
and this is not surprising, since the recording is truly three dimensional, and congenital heart 
defects have significant differences. Atrial septal defect and ventricular septal defect are re- 
garded as diagnosed certainly, and the ECG may be used to estimate the right ventricular pressure. 

Studies on enzymes have been invoked to supplement the ECG findings in cases of cardiac 
infarction. Studies on enzymes in 1940, by Kellaway and Trethewie® showed release of adenyl 
compounds and deaminating enzymes in the event of injury to the heart and liver, and later, 
Trethewie*-!° showed enzyme release in other conditions, including ischemia, in man and animals. 
La Due, Wréblewski and Karmen® showed that transaminase was increased in the blood in cardiac 
infarction in man. While studies on transaminase indicate damage to the heart or liver or other 
organs, the ECG detects precise changes in the heart itself alone, and is, therefore, preferable 
if it can be shown to give a complete infarct discovery as Trethewie avers. 

R. Douglas Wright, F.R.A.C.P. 
Melbourne, Australia 
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Book Reviews 


Your Heart: A HANDBOOK FOR LAYMEN. By H. M. Marvin, M.D., Associate Clinical Professor 
of Medicine, Yale University School of Medicine; Past President, American Heart Association; 
Former Member, National Advisory Heart Council, U. S. Public Health Service. New York, 
1960, Doubleday & Company, Inc., 335 pages. Price $4.50. 


In this volume composed of 26 chapters, an appendix, and a glossary, there has been assembled 
a mass of material relating to the cardiovascular system and its diseases. The presentation is 
lucid, and the approach scholarly. But this cannot properly be regarded as a “handbook for 
laymen.” The writing is frequently technical. Many references are made to medical papers and 
reports, and there are numerous quotations from them, some lengthy. Differing views on various 
controversial matters are given in detail; such discussions, even when fairly presented, tend to be 
confusing rather than clarifying to the uninformed. 

In short, this book demonstrates once again the difficulty of presenting scientific material 
to a lay audience, authoritatively and, at the same time, simply and briefly. To this reviewer, it 
seems more suitable as an elementary text for the general practitioner than as an introduction 
to a highly specialized subject for the nonmedical reader. 


INVOLUTION OF THE Ductus ARTERIOSUS. A MORPHOLOGICAL AND EXPERIMENTAL StuDy, WITH A 
CriTICAL REVIEW OF THE LITERATURE. By A. Sciacca and M. Condorelli, Basel and New York, 
1960, S. Karger, 52 pages, 25 illustrations. Price: sFr. 7. 


This monograph is a compendium of the authors’ personal experience with angiocardiographic 
and other techniques in the study of the natural involution of the ductus arteriosus in the fetal 
guinea pig. The bibliography is extensive. 


HERiTABLE DISORDERS OF CONNECTIVE TISSUE (Second edition). By Victor A. McKusick, M.D., 
Associate Professor of Medicine, Johns Hopkins University School of Medicine; Physician, 
Johns Hopkins Hospital; Assistant Professor of Epidemiology, Johns Hopkins University 
School of Hygiene and Public Health, Baltimore, Md. St. Louis, 1960, The C. V. Mosby 
Company, 333 pages. Price $12.00. 


This is the second edition of a book which makes an important step toward filling a large void 
in the medical literature. Over the last several years widespread interest has been apparent in 
investigations into the mysteries of the ubiquitous connective tissue, and important funds of 
knowledge have accrued from these studies. This book draws together the information from only 
a portion of this general field, namely, that related primarily to the heritable disorders of the 
connective tissue. 

This volume is divided into eight subsections: (1) The Clinical Behavior of ; Hereditary 
Syndromes. (2) The Biology of Normal Connective Tissue. (3) The Marfan Syndrome. (4) The 
Ehlers-Danlos Syndrome. (5) Osteogenesis Imperfecta. (6) Pseudoxanthoma Elasticum. (7) The 
Hurler Syndrome. (8) Concluding Comments. 
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The illustrations are good. The information provided in the present issue has been expanded 
a good deal since the first edition, yet one still feels some lack of continuity in its presentation, 
Perhaps this is unavoidable because of large gaps in our knowledge of these disorders. 

Surely, the syndromes described in this volume must be more frequent than generally realized 
by the average physician. A major difficulty lies in knowing ‘‘just how much is enough?”. What 
degree of loose-jointedness, pectus excavatum, “hyperelasticity” of the skin, high-arched palate, 
etc., is significant? In practice, one may be impressed by how frequently such characteristics 
are observed in mild degrees or as apparently isolated findings insufficient to be classed as a rec- 
ognizable syndrome. 

Although this book does not provide one with all the answers he would like to have in dealing 
with heritable disorders of connective tissue, it is believed that every physician, regardless of his 
specialty, could gain a great deal by obtaining some familiarity with its contents. As aptly stressed, 
the ubiquitous nature of the connective tissue transcends all specialty boundaries to be involved 
in the structure and function of all bodily organ systems. 


DruGs or Cuoice, 1960-1961 (Second edition). Edited by Walter Modell, M.D., Director, Clinical 
Pharmacology, and Associate Professor of Pharmacology, Cornell University Medical College; 
Attending Physician, New York Veterans Administration Hospital; Associate Visiting 
Physician, Bellevue Hospital; Member, Poison Control Advisory Board of New York 
City; Member, Revision Committee, United States Pharmacopeia XVI; Editor, Clinical 
Pharmacology and Therapeutics. St. Louis, 1960, The C. V. Mosby Company, 958 pages. 
Price $13.50. 


This book represents an attempt to provide the physician with a collection of current opinions 
from authoritative sources concerning the choice of drugs for use in a variety of therapeutic 
problems. The volume is composed of 42 chapters written by 47 contributors from various special- 
ized fields in medicine. Each chapter is provided with a bibliography of selected references which 
supplement the foundation on which the opinions of the authors are based. 

Although a collection of this kind, for obvious reasons, has a number of deficiences, it is 
believed that it can serve a useful purpose for the busy general physician by concentrating a 
portion of the abundant literature into one ready source. It should be remembered, however, 
that some of the information provided occasionally reflects personal opinions of the authors 
which may not be shared by other members in that particular specialty. To present and discuss 
these controversial issues would have been a prohibitive task indeed. 


THE MICROCIRCULATION. SYMPOSIUM ON Factors INFLUENCING EXCHANGE OF SUBSTANCES ACROSS 
CAPILLARY WALL. (Proceedings of the Fifth Conference on Microcirculatory Physiology 
and Pathology, Buffalo, N. Y., April 1, 1958.) Edited by S.R.M. Reynolds, Chairman, 
Fifth Microcirculatory Conference; Professor and Head, Department of Anatomy, University 
of Illinois College of Medicine; and Benjamin W. Zweifach, Professor of Pathology, New York 
University-Bellevue Medical Center. Urbana, 1959, University of Illinois Press, 170 pages. 
Price $4.50. 


The Proceedings of the Fifth Conference on Microcirculatory Physiology and Pathology, 
which was held in Buffalo, N. Y., on April 1, 1958, should interest investigators of the circulation. 
The conference was concerned primarily with the transfer of substances across the capillary 
wall. The electron-microscopic studies of the capillary wall are interesting, but incomplete in view 
of recent advances as well as the absence of more detailed discussions, which were omitted because 
of a lack of time and space. Unfortunately, the routes or mechanisms by which substances cross 
the capillary wall are not convincingly established, partly because of possible alterations in the 
tissue during its preparation for study which render interpretations of the healthy living state 
impossible. 

Ideas concerning the mechanisms by which macromolecules cross the capillaries are discussed, 
but again no definite answers are presented. The evidence is indirect. The properties of artificial 
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branes and the transfer of substances across them are also discussed. Although only postula- 
; are presented, interesting concepts and diagrams are found in the discussions of the micro- 
‘lation of the retina, pulmonary microcirculation of rabbits, microcirculation of the small 
tine and skin of the rat, lymphatic permeability to albumin, and an electronic image processing 
eripheral vascular beds. 

Although investigators probably have read the original papers on the various subjects, the 
ceedings organize the studies in a helpful manner. The various papers and the appended 
ussions indicate a lack of extensive progress in the field of the microcirculation and reflect 
large gaps in our knowledge. 


CurRENT MEDICAL REFERENCES. Edited by Paul J. Sanazaro, M.D., Associate Professor of Medi- 
cine, University of California School of Medicine, San Francisco, Calif. Los Altos, Calif., 
1959, Lange Medical Publications, 535 pages. Price $3.50. 


Che intention of the authors of this book has been to compile a list of the more important 
and useful references to the recent literature in the field of clinical medicine. Their work represents 
a creditable attempt at this enormous task. The book is divided into 18 chapters; these are: 
general topics, the skin, the nervous system, the bronchopulmonary system, the cardiovascular 
system, the peripheral vascular and lymphatic system, the blood, the kidney and tumors of the 
genitourinary system, the gastrointestinal tract and pancreas, the liver, the endocrine glands, 
the bones and joints, infections and infestations, neoplasms, body water, electrolytes and acid- 
base balance, poisoning, diseases caused by physical agents, and the collagen and other diseases 
of unknown etiology. 

Because of the great intended scope of coverage, this book was reviewed by specialists in 
most of the fields noted above. Most of the reviewers believed that the selection of references was 
excellent, if intended primarily for students, interns, house officers, and physicians in general 
medicine. For the specialist, the coverage probably would not be sufficiently complete. 

The collection of references in the cardiovascular field also was satisfactory. All the major 
clinical aspects of cardiovascular disorders have been included, but from the standpoint of the 
cardiologist, it is far from comprehensive. 

Regardless of the deficiencies, this compilation of references, in convenient pocket size, 
should prove to be a useful starting point to the literature on internal medicine, for those who 
do not wish to consult the more complete sources. The volume is well indexed by subject matter. 
An inclusive author index would be of additional value. 


ISOLATED PULMONARY STENOSIS: SIGNS AND SYMPTOMS, COURSE AND RESULTS OF OPERATION IN 
75 Cases DIAGNOSED AT CARDIAC CATHETERIZATION. By Jorgen Fabricius. Translated from 
the Danish by Axel Andersen. Copenhagen, 1959, Munksgaard, 202 pages. Price: 30 Danish 
kronen. 

This is a review of the hemodynamic and clinical studies on 75 patients with isolated pul- 
monary stenosis. The author's findings are in congress with those frequently reported elsewhere, 
and these data are frequently mentioned in the text. 


HuMAN BiocHEeMICAL GENETICS. By H. Harris, M.A., M.D., Reader in the Department of Bio- 
chemistry, London Hospital Medical College. New York and London, 1959, Cambridge Uni- 
versity Press, 310 pages. Price $7.00. 


Human biochemical genetics is a subject of interest to almost everybody in the medical 
sciences. It is a subject that has been growing so rapidly and in such diverse ways that many 
of us have had difficulty seeing it as a whole. Harris’ book is just what we need. 

There is a passage in the Foreword by Professor L. S. Penrose of great general significance. 


Referring to Garrod’s classic work on Inborn Errors of Metabolism, Penrose says: “. . . and only 
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a few discerning people had then realised that a revolution in the study of heredity was in progress. 
The new outlook was destined to be especially significant in human genetics and it altered eugenic 
philosophy. No longer could hereditary defects be attributed to the action of mysterious noxious 
influences, carried by degenerate germ plasm and perhaps engendered by parental vice. Under 
biochemical scrutiny, hereditary defects were repeatedly found to be quite specific inborn peculiari- 
ties. These individual chemical differences seem quantitatively very slight, like the substitution of 
just one aminoacid residue in an otherwise perfect chain. No stigma can be attached to such 
impersonal variations. If there are unfavorable effects connected with a chemical variant, these 
merely present a therapeutic challenge.” 

Garrod’s book, a landmark in biochemical genetics, is written with such beauty and clarity 
that it would perhaps be good to have had one of its chapters on alkaptonuria included as an 
appendix in Harris’ book, in much the way that Mendel’s papers are reprinted at the end of the 
textbook on genetics by Sinnott, Dunn and Dobzhansky. 

There are a few other things which one misses in Harris’ book. Although the book deals 
essentially with the biochemical, in the early chapters there should be a plate showing the normal 
human chromosomes and a brief account of the present importance of human cytogenetics. 
In the final chapters there should be a general survey of protein synthesis and of the role of the 
nucleus in the cell. And throughout the book, references to organisms other than man would 
light up the whole subject. 

The final word, however, surely is that this is a valuable book. 


CuRRENT THERAPY—1960. Edited by Howard F. Conn, M.D. Consulting editors: George E. 
Burch, M. Edward Davis, Vincent J. Derbes, Garfield G. Duncan, Hugh J. Jewett, Clarence 
S. Livingood, Perrin H. Long, H. Houston Merritt, Walter L. Palmer, Hobart A. Reimann, 
Ralph Wayne Rundles, and Robert H. Williams. Philadelphia, 1960, W. B. Saunders Com- 


pany, 808 pages. Price $12. 


This is the twelfth in a series of annual editions of a book which has gained an established 
place in the library of the practicing physician. Its format is so well known that it requires little 
comment. The volume has been prepared under the editorship of Dr. Howard F. Conn, with 
assistance from twelve consulting editors, each a noted authority in his field. There are over 300 
contributing authors. 

The contents represent an authoritative collection of current methods of therapy throughout 
the general field of medicine. Many of the presentations are rather brief, but most of the necessary 
basic information is included. The book is largely directed toward the general practicing physician, 
but even the specialist may obtain useful information, especially in fields other than his own. 


ANTITHROMBOTIC THERAPY. By Paul W. Boyles, M.D., Instructor in Medicine, University of 
Miami School of Medicine, Jackson Memorial Hospital, Miami, Fla.; Director, Coagulation 
Research Laboratory, Miami Heart Institute, Miami Beach, Fla. New York, 1959, Grune 
& Stratton, Inc., 131 pages, 35 illustrations. Price $5.00. 


The author has presented a summary of the recent developments in the therapy of throm- 
boembolism with anticoagulant and thrombolytic drugs. It includes directions and interpretations 
of the clinically useful procedures available for evaluation of the complex processes of coagulation 
and hemostasis. Anticoagulant therapy with heparin and numerous oral agents is discussed 
briefly. Five thrombolytic agents are mentioned, and the author concludes that none are presently 
available in suitable form for general clinical use because of toxicity, untoward reactions, and lack 
of effective methods for evaluating and controlling their effects. (This reviewer heartily agrees.) 
The review of the indications for anticoagulant therapy reflects the enthusiasm and endeavor 
of the author. The bibliography is extensive. 

It is difficult to ascertain just what audience the author had in mind. The lack of detail and 
precautions would be disasterous for the student and beginner in this field of therapy. The ex- 
perienced clinician will find little here with which he is not already familiar. 
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Tur AcuTE MEDICAL SYNDROMES AND EMERGENCIES. By Albert Salisbury Hyman, M.D., As- 

ociate Clinical Professor of Medicine, New York Medical College, New York, N. Y. With 
he collaboration of Samuel Weiss, M.D., Professor of Gastroenterology Emeritus, New York 
’olyclinic Medical School, New York, N. Y.; George Guttman Ornstein, M.D., Associate 
Clinical Professor of Medicine, New York Medical College, New York, N. Y.; Howard F. 
Root, M.D., Medical Director, Joslin Clinic, Boston, Mass.; Anna Ruth Spiegelman, M.D., 
Assistant Professor of Clinical Medicine, New York University Postgraduate Medical School, 
New York, N. Y.; and Jack Abry, M.D., Associate Attending Physician, New York City 
Hospital, Elmhurst, N. Y. New York, 1959, Landsberger Medical Books, Inc., 442 pages. 
Price $8.75. 


This 442-page book is divided into six sections concerned with barbiturate intoxication, 
cardiovascular, gastrointestinal, pulmonary, diabetic, and renal emergencies. Approximately 
half of the book is devoted to the cardiovascular syndromes. Each section is authored by Dr. 
Hyman or a collaborator. It contains no bibliography and few illustrations in the form of figures, 
diagrams, or charts. 

All discussion is concerned primarily with diagnosis and treatment based upon the experience 
of the authors. The anatomy and physiology involved is not covered. Some syndromes are dis- 
cussed in a well-outlined, detailed manner, others with a very broad general approach. The brevity 
of coverage of some syndromes is such that these would probably have been better omitted. 

The book does contain much interesting and informative information, but if one desires a 
ready reference on acute medical syndromes for his personal library, this book is not recommended. 


Work AND THE Heart (From the First Wisconsin Conference on Work and the Heart). Edited 
by Francis F. Rosenbaum, M.D., and Elston L. Belknap, M.D. New York, 1959, Paul B. 
Hoeber, Inc., 537 pages. Price $12.00. 


This volume summarizes the proceedings of a Conference on Work and the Heart, held May 
15-18, 1957, under the sponsorship of the Wisconsin Heart Association, the Marquette University 
School of Medicine, the American Heart Association, the National Heart Institute, and the In- 
dustrial Health Council of the American Medical Association. Seventy-six participants represent- 
ing many nations and disciplines were divided into five panels. These dealt with basic physiology, 
clinical physiology, pathology, work classification, and workmen's compensation. Each participant 
made at least one formal presentation dealing with some aspect of cardiac work with which he was 
particularly familiar. Unfortunately, the discussion of these presentations has been omitted. 
It seems likely that the value of such a gathering must lie principally in the private exchanges 
between individuals active in related areas. These, of course, are necessarily lost. However, 
this volume does provide a public record of the formal-presentations, and therefore may serve as 
a useful index to opinions and contributions in this field, and as an introduction to the subject. 


MepicaL ELectronics. By Edward J. Bukstein, Instructor of Advanced Electronics, North 
western Television and Electronics Institute, Minneapolis, Minn. New York, 1959, Frederick 
Ungar Publishing Company, 168 pages, 68 illustrations. Price $3.50. 


This book presents brief and elementary explanations of the principles and applications of 
many of the more important electronic instruments used in clinical medicine. It should be of 
interest to medical technicians, but it has little to offer more advanced workers in the field of 
medical electronics. The treatment is qualitative, and there is practically no mention of some of 
the more sophisticated applications of electronics to medical research. 

The eight chapters are titled: (1) Strip Chart Recorders. (2) Recording of Biological Po- 
tentials. (3) Recording of Nonelectrical Physiological Phenomena. (4) Radioisotopes. (5) X-Ray 
Apparatus. (6) Diathermy and Inductothermy. (7) Electrodiagnosis, Electrotherapy and Electro- 
surgery. (8) Ultrasonics. 

The beginner in medical electronics will find that the book is very readable and he may be 
tempted to delve more deeply by reading the references of the bibliographies of most chapters. 
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However, he may be disappointed to find that most of the references are over five years old. 
Likewise, much of the equipment discussed is obsolescent. It was a surprise to find the author 
referring to voltage regulator tubes by the now obsolete type numbers VR-75, etc. The technician 
would have difficulty finding tubes with these numbers in new apparatus. The use of transistors 
was not considered, and in regard to scalers for radioisotope work the decade scalers were not 
mentioned. 

In general, the author seems to have accomplished satisfactorily his purpose as stated in the 
preface: ‘This book is addressed primarily to the level of the electronics technician. . . ."’ The 
technician in this reviewer's laboratory found it to be interesting. 


Announcements 


THE Lire INSURANCE MEDICAL RESEARCH FUND is now receiving applications for two types 
of awards to be available July 1, 1961, as follows: (1) Until October 15, 1960, for postdoctoral 
research fellowships. Candidates may apply for support in any field of the medical sciences. 
Preference is given to those who wish to work on fundamental problems, especially those related 
to cardiovascular function or disease. Minimum stipend $4,500, with allowances for dependents 
and necessary travel. (2) Until November 1, 1960, for grants to institutions in aid of research 
on cardiovascular problems. Support is available for physiological, biochemical, and other basic 
work broadly related to cardiovascular problems, as well as for clinical research in this field. 

Further information and application .orms may be obtained from the Scientific Director, 
Life Insurance Medical Research Fund, 345 East 46th Street, New York 17, N. Y. 


A TRAINING PROGRAM IN PEDIATRIC CARDIOLOGY is being announced by the Division of 
Cardiology, Department of Pediatrics, University of California at Los Angeles. This program 
will include instruction in all of the various aspects of both clinical and basic science pertinent 
to the practice and teaching of pediatric cardiology. The program is designed primarily for those 
interested in a career in academic medicine or for those who will be engaged primarily in the 
practice of clinical cardiology. 

The traineeship is a minimum two-year program designed to meet the qualifications for the 
specialty board in pediatric cardiology. Instruction in clinical cardiology will include: patient care, 
electrocardiography, phonocardiography, vectorcardiography, cardiac catheterization, angio- 
cardiography, dye dilution, pulmonary dynamics,and other techniques useful in the study of 
clinical cardiovascular problems. Instruction in basic cardiology will include: physiology, bio- 
physics, biostatistics, biochemistry, nuclear physics, and medical writing as these relate to cardi- 
ology. Research will also be required of each trainee. 

The Division of Cardiology is headed by Forrest H. Adams, M.D., and is staffed by three 
full-time, plus several additional part-time, cardiologists. In addition, there is a research and 
technical staff consisting of five individuals. Approximately 25 per cent of the pediatric bed 
patients at the UCLA Medical Center are hospitalized for diagnosis, treatment, or study of heart 
disease. Cardiac patients are seen three times a week in the clinic by the staff. 

Graduates of Class A medical schools who have completed pediatric training acceptable for 
certification by the American Board of Pediatrics are eligible. Stipends begin at $5,500 per year, 
with additional allowance for dependents. Interested applicants should write to Arthur J. Moss, 
M.D., Cardiology Training Program Director, Department of Pediatrics, University of California 
at Los Angeles, Los Angeles 24, Calif. 


